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Executive Summary

The Global Positioning System (GPS) is a constellation of satellites that broadcast signals
that can be used to derive precise timing, location, and velocity information. The derived
information (time, position, and velocity) may be combined with other systems such as
communications devices, computers, and software to perform a variety of tasks. With
appropriate equipment, ranging from small, hand-held receivers to large, rack-mounted
electronics, anyone can utilize the Global Positioning System (GPS) signal, anywhere in
the world, at any time. GPS was originally developed for the U.S. military and came to
wider public awareness as a result of the 1991 Gulf War. Today, it continues to be a
“dual-use” resource serving allied forces and a growing number of civilian users world-
wide. In March 1996, President Clinton issued the first comprehensive statement of GPS
policy in which the United States formally committed itself to providing civil GPS

signals free of charge to the world.

GPS technology has made increasing contributions to the global economy in the last
decade. Hundreds of uses of GPS now exist from stand-alone applications, such as
surveying and navigation, to more integrated, embedded applications in which GPS is
just one component. Like the Internet, GPS is an information technology that is part of
the emerging Global Information Infrastructure. GPS-based precision time signals help
synchronize global information networks of fiber optics, coaxial cable, copper wire,

radio, and even communication satellites. GPS applications are generating both commer-
cial products and information services which increase productivity in diverse public
service applications and enhance national and even personal security.

The purpose of this report is to provide a current view of the commercial status and
trends of the industry which developed since the Global Positioning System (GPS) signal
was first made available to civilian users in 1984. One of the most widely published
market estimates to date was done in 1995 by the U.S. GPS Industry Council (USGIC).
In seeking to determine how GPS markets have evolved in the past three years both in
terms of applications and regional trends , the USGIC, the Japan GPS Council, and
individual companies participated in a market survey conducted for this report. In this
survey, industry participants were asked to provide an overall market outlook and de-
scribe the key characteristics of this rapidly developing industry.

There is no standard definition of GPS market sectors, but the following sectors were
identified for purposes of this study:

» Consumer/Recreational

* Military

» Avionics/Aviation

* Automotive/Intelligent Vehicle Navigation
» Tracking

* Public Safety

» Agriculture

*  Mining

» Construction/Civil Engineering

* Marine (including Survey)

e Timing



The number and type of firms involved in providing GPS goods and services are as
diverse as the GPS applications themselves. In 1997, a total of 301 firms listed them-
selves as providing some sort of GPS-related good or service compared to 109 in 1992;
the year after the Persian Gulf War brought broad recognition to GPS. The number of
firms counted is likely to be conservative as one moves away from those producing GPS-
specific products to firms who use GPS but who do not identify themselves as GPS firms
per se.

The GPS market is made up of a spectrum of competitors ranging from mid-sized com-
mercial electronic companies; aerospace, first-tier automotive suppliers, and consumer
product companies. GPS car navigation markets are dominated by first tier automotive
electronic suppliers. The handheld equipment markets are led by three firms: Garmin,
Magellan, and Lorrance. The military and aviation markets are largely served by aero-
space firms such as Rockwell, Honeywell, Allied Signal, and Boeing. Commercial

marine suppliers include the traditional heavy-industry suppliers such as Raytheon,
Sperry, Krupp, Atlas, Furuno, JRC and Koden. Survey, construction, and tracking are
commercially-driven and led by Trimble and Ashtech. Trimble is also very strong in the
tracking market in which system integration skills are crucial, and is moving into control
of heavy mobile machinery. In the relatively small timing market consists of commer-
cial GPS companies working in alliance with larger companies to manage communication
networks. The GPS manufacturing industry, including some semiconductor manufactures
such as Motorola, is going through consolidation and substantial change. Direct manu-
facturing represents less than half of all industry revenues and this share is expected to
decline in the future as system integration and value-added services grow in importance.

The following are highlights for the period 1998-2003:

» Total growth for the market is expected to remain robust with an average growth rate
of just under 25% during 1998-2003.

* Global sales are on-track to exceed $8 billion by 2000 and are could exceed $16
billion by 2003.

* The relative U.S. share of the world market will decrease as a result of GPS consumer
products being increasingly sold through multinational consumer product companies;

» During the early portion of the period, Japan’s share should expand slightly as a result
of increasing car navigation sales, but flatten later in the period as markets saturate;

* In Europe, rapid growth in car navigation is expected throughout the period while the
defense market share declines after 2000; and

* The consumer GPS market will begin to build rapidly toward the end of the period as
lower-priced GPS capabilities are embedded in mass market goods.

The cost of the basic GPS chipset has continued to decline steadily, leading to the rela-
tively thin profit margins found in other areas of high-volume consumer electronics.
High-margin GPS products tend to be those with specialized software content or where
GPS provides crucial functionality to a high margin product or service. For example, a
$65 chip set provided by a GPS OEM may be the core of a $600 car navigation device
that pays for itself in saved time and driver convenience. Relatively few firms compete
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to provide the core GPS technology, but a large number of firms provide GPS-enhanced
products, and an even larger number compete using GPS-based advantages. The vast
majority of car navigation devices are manufactured in Japan and Europe.

As with many other areas of information technology, such as computers, the government
played a crucial role in the initial research and development that led to the first working
GPS receivers. Today, however, the military receiver market is a relatively small portion
of overall product sales, and new GPS products and services are being driven by purely
commercial market forces. GPS-based positioning and navigation are being blended with
mobile communications services, currently cellular and, in the future, mobile satellite
services. Users of GPS tend to become reliant on it for commercial as well as safety-of-
life purposes and expect 24 hour per day, 7 day a week availability. Accuracy is addictive
as well with consumer expectations that accuracy will never decrease and will hopefully
increase in the future. Some, but not all, customers seem willing to pay for the enhanced
accuracy that can be delivered through space and ground-based GPS augmentation
systems.

The growth of civil GPS applications and user equipment represents a very pure form of
market competition in that GPS signals are provided as a free public good. There is no
limit to the number of potential users and the marginal cost to the system of an additional
user receiving a GPS signal is zero. Unlike even air or water, GPS signals are not a
resource which creates “haves” and “have nots.” Government has developed and bought
GPS equipment for military purposes while commercial industry and customer invest-
ments have created the wide range of civil applications seen today.

The current role of government in global competition for GPS-related sales is relatively
limited, largely involving regulatory matters such as certification of GPS in safety-of-life
applications and export controls on military-grade GPS equipment. In terms of promot-
ing the growth of commercial GPS markets, the most important U.S. government actions
are those which enhance international confidence in the stability, reliability, and integrity
of the basic GPS signal. This can take various forms, from obvious measures such as
stable funding and careful technical management of the GPS constellation to more subtle
factors such as protecting the international spectrum allocation for GPS and balancing
military, civil, and commercial interests in creating enhancements and augmentations to
the basic GPS signal.



Introduction

With appropriate equipment, ranging from small, hand-held receivers to large, rack-
mounted electronics, anyone can utilize the Global Positioning System (GPS) signal,
anywhere in the world, at any time. GPS is a pervasive, space-based signal that can
provide precise timing, location, and velocity information. There is no limit on the num-

ber of people who can use GPS, just as any number of receivers can tune in to a commer-
cial TV or radio station.

The first applications for GPS were for national defense and GPS remains an essential
part of national defense for both the United States and its allies. In parallel with its mili-
tary uses, the GPS signal has become an essential element of commercial enterprises as
diverse as electric power distribution, land survey, car navigation, and the management of
telecommunications networks. The explosive growth of the application of this informa-
tion technology is still in an early stage of development and as this report indicates, can
be expected to grow and evolve rapidly for the foreseeable future.

In commissioning this report, it was the intent of the U.S. Department of Commerce’s
Office of Telecommunications to provide a current view of the commercial status and
trends of the industry which developed since the Global Positioning System (GPS) signal
was first made available to civilian users in 1984. Various forecasts of GPS markets have
been made over the years. One of the most widely published estimates was made by the
U.S. GPS Industry Council (USGIC) in 1995. In seeking to determine how GPS markets
have evolved in the past three years, the USGIC, the Japan GPS Council and individual
companies furnished detailed information in response to a market survey conducted for
this report. In conducting the survey, industry participants were asked to provide an
overall market outlook and describe the key characteristics of this rapidly developing
industry as they saw them.

GPS World a major industry publication, made available its extensive database of indus-
try participants and its latest version of the categories within which the industry classifies
its business. This has been used in the survey (see Section Il Market Development) to
help better identify the scope and depth of the diverse commercial offerings found in the
market. It is only through the cooperation of all participants that the market projections
included in Sections | and Il of this survey could have been prepared.

The following sections discuss how GPS and various augmentations to GPS work, what
the current commercial markets look like, how they are expected to develop over the next
few years, and what are likely to be the most important factors affecting the growth of
commercial GPS markets.

How GPS Works

The GPS system is fully operational with 24 satellites, a master control station in Colo-
rado, and five monitoring stations around the world. The satellites, developed by the U.S.
Department of Defense (DoD), are in orbits 11,000 miles above the earth, circling the



earth twice a day. This satellite constellation is designed so that there are at least four
satellites above the horizon for every point on earth. The orbits are precisely maintained
by the master control stations and the ground-based monitoring network. The “health
status” of each satellite is continually updated and provided to receivers along with the
GPS signal itself.

GPS satellites transmit two different signals: the Precision or P-code and the Coarse
Acquisition or C/A code. The C/Ais less accurate and easier to acquire than the P-code.
The P-code is designed for authorized military users and provides what is called the
Precise Positioning Service (PPS) with an accuracy of better than 20 meters. The C/A
code is designed for use by non-military users and provides what is called the Standard
Positioning Service (SPS), providing accuracies of about 100 meters or better.

GPS works by timing how long it takes coded radio signals to reach the earth from its
satellites. A receiver does this by generating a set of codes that are identical to those
being transmitted by the system'’s satellites. It calculates the time delay between its codes
and the codes received from the GPS satellites by determining how far it has to shift its
own codes to match those transmitted by the satellites. This travel time is then multiplied
by the speed of light to determine the receiver’s distance to the satellites. A GPS receiver
could, in theory, calculate its three dimensional position by measuring its distance from
three different satellites, but in practice a fourth satellite is necessary because there is a
timing offset between the clocks in a receiver and those in a satellite. The fourth mea-
surement allows a receiver’s computer to solve for the timing offset and eliminate it from
the navigation solution (See Figure 1). GPS velocity measurements are made by taking
the rate of change of pseudorange measurements over time. These pseudorange rate
measurements are performed by noting the difference in phase measurements (i.e. the
average Doppler frequency) over a given time interval.

Pseudo Pseudo
range 2 range 3

Pseudo
range 4

Satellites broadcast
* Accurate time
* Ephemeris data
» Health status

User measures pseudo-ranges,
and by triangulation calculates

Accuracy - \F;olsm_c;n
* Civilian (SPS, C/A- elocity
code)

* Military (PPS, P-code)

Figure 1 - How GPS Works



GPS receivers maintain an ‘almanac’ stored in their computer, which is used to determine
where each satellite will be in the sky at any given time. Each of the satellites passes

over one of the five monitoring stations twice a day. This provides the opportunity to
precisely measure the altitude, position and speed of the satellites. Variations between the
almanac and the actual satellite position are known as ephemeris errors. They are usually
very minor and are caused by factors such as gravitational pull from the moon and sun
and by the pressure of solar radiation falling on the satellites. Once a satellite’s position

is measured, that data is relayed back to the satellite which broadcasts the corrections, if
any, along with timing information. Thus the satellites transmit both a timing signal and

a “data message” regarding exact orbital locations and the “health” of the satellite.

To assure that the satellite and receiver are synchronized, an accurate clock is needed.
Each satellite has four precise atomic clocks while the receivers use less expensive,
moderately accurate clocks. Even with accurate atomic clocks, some sources of error are
inevitable - such as ionospheric and tropospheric delays. By using established models of
the atmosphere, these errors can be largely eliminated by civilian GPS receivers. Military
receivers, which can access the C/A code on two separate frequencies, are able to correct
for actual atmospheric effects in real-time.

For many applications, greater accuracies are needed than is possible with GPS alone,
e.g., positioning accuracies of a few meters of even centimeters. Differential GPS
(DGPS) is a method of operating GPS that allows a user to obtain extremely high accura-
cies, as illustrated below (Figure 2). A reference receiver is placed at a surveyed location.
The GPS signals that arrive at that location contain errors (e.g., atmospheric delays, and
satellite clock errors) that misrepresent the receiver’s position. These errors can be
estimated by comparing the site’s known position with its position according to GPS.

GPS ﬁ'
ﬁ' @

Referen

Differential fizsoeme "\T" S /

Figure 2 - Ground-based Differential GPS
Once the errors are identified, correction terms can be communicated to nearby users
with other “roaming” GPS receivers. Each satellite monitored and in view of both the
reference and roaming receivers will generate its own error corrections. Those correction

9



10

terms allow the roaming user to eliminate the bias errors in the GPS signals from the
satellites they are using. Reference stations can be relatively inexpensive, as in the case
of a single station used for simple land surveys or part of extensive networks that provide
accurate corrections over large areas for international transportation needs.

In the 1970s, tests of early GPS satellites showed that the civilian signal (using C/A code
on a single frequency) was more accurate than expected. It was feared that this accuracy
could be exploited by military forces hostile to the United States. As a result, the civil
signal has been intentionally degraded by a technique known as Selective Availability
(SA). SA introduces errors into the clock of each satellite (“dithering”) which have
components that vary both rapidly and slowly over time and it varies the orbital param-
eters reported in the GPS data message. Because both components of SA have slowly
varying errors, it is difficult to distinguish between them. The net effect of SA is to make
the pseudorange calculations less precise and create errors in calculated position. The
spread of differential GPS systems has lessened the military effectiveness of SA, how-
ever, and the Department of Defense is reported to be preparing for a time in which SA
will be turned to zero during peacetime, to occur no later than 2006.

GPS An Information Technology

GPS is a form of information technology in that it uses systems of hardware, software as
well as information (time and ephemeris) transmitted from satellites to provide derived
information to users. The derived information (time, position, and velocity) may be
combined with other systems such as communications devices and computers (geo-
graphic information systems for example) to perform a variety of tasks. The first applica-
tion began by answering the question of “Where am 1?” and with the addition of commu-
nications was able to answer “Where are you?” questions. Most recently, GPS is being
used to answer “Where is it?” for applications in tracking assets and discrete types of
data.

“Where am 1? applications involve the most visible kinds of GPS equipment such as
hand-held receivers used by hikers, drivers, and pilots and surveyors. Information such
as latitude, longitude, altitude and time are provided from a GPS receiver for further
action by the user. The information may be translated into more easily understood forms,
such as position relative to an existing map of terrain or streets; or used to provide rela-
tive information such as distances to user-defined “waypoints” e.g., positions that are
specifically identified by the user. Applications by surveyors and hikers are mirrors of
each other. In the case of a hiker, the person wishes to know his position relative to the
terrain. In the case of a surveyor taking control points over an unknown area, a person
wishes to precisely describe where he has been. Both applications use GPS-generated
information directly.

“Where are you?” applications occur when GPS information for multiple users is com-
municated to another party. For example, a manager of a trucking fleet can use GPS and
mobile phone communications to stay in touch with the drivers. At a very sophisticated
level, GPS and mobile communications can be used in managing international air traffic
with hundreds of aircraft moving in complex patterns at all times. As noted above, the



GPS user may convert basic time and space information into a more useful form before it
iIs communicated. Some insurance adjusters, evaluating fire damage in a residential
neighborhood, have GPS receivers combined with laptop computers, digital cameras, and
cellular phones. A standard form is filled in on the computer, a digital picture is attached
to the file, and GPS is used to determine the location address of the damage. All of this
information can then be communicated rapidly to a central location, allowing more
efficient processing of claims. In some cases, an application need not require deliberate
action by a GPS user. GPS receivers have been integrated into automobile airbag and
cellular phone systems. In the event the airbag detonates, the phone automatically con-
tacts emergency services and reports the location of the detonation relative to local
highway maps.

“Where is it?” applications are ones in which GPS is used to track assets such as cargo
shipments or manage data packets in dense information networks. These applications
may be thought of as variations on the previous two categories. GPS receivers may be
used to ask “Where are you?” when the object is a scientific instrument or cargo that
cannot communicate its position by itself and is out of direct human contact. GPS may
be used to provide input to remote machinery that has some autonomy, as for example,
when GPS-based navigation systems provide position updates to heavy equipment oper-
ating in an open pit mine. Self-correcting actions by remote machines can in turn lower
the workload of central monitoring facilities by providing equipment status reports (e.g.,
calls for preventive maintenance or repair). In these case, GPS becomes deeply embed-
ded in a large system and enhances productivity in a way that can be invisible to the
human operator.

Like the Internet, GPS is a valued utility for the emerging Global Information Infrastruc-
ture. GPS is a distribution system for precision time signals that help synchronize global
information networks of fiber optics, communication satellites, radio, coaxial cable, and
copper wire. The use of precise GPS timing signals is largely invisible to the consumer in
that the use of precise time is embedded in products, such as mobile computers as well as
new generations of “smart” munitions. Most would be unaware that the financial data that
we receive from domestic and international sources so readily is dependent on accurate
synchronization of data streams providing such information. The precise GPS timing
signal is increasingly necessary for this function. This is just one instance of the GPS
signal being embedded in an application essential to daily commerce.

GPS has taken its place in contributing to the economy over the last decade. Hundreds of
uses of GPS now exist including stand-alone applications such as surveying and naviga-
tion and theless recognized embedded applications. GPS applications are generating both
commercial products and information services which increase productivity in diverse

public service applications and enhance national and even personal security. Table 1 is a
sampling of these applications. The following sections discuss the current status of
commercial GPS markets and the forces driving them.
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Table 1 Selected Applications of GPS nations and small and/or remote airports
In China, GPS is playing an important role in the

AVIATION modernizations of the country’s air travel infrastructure.

« Precision and non-precision all-weather approaches | € airport at Juneau, Alaska is surrounded by a rugged
(WAAS) mountain range and known for its difficult approaches.

Regional airlines, the fastest growing segment of theThe installation of a differential GPS landing system has

avionics industry, are using GPS to provide precision significantly increased landing safety.
navigation for point-to-point flights, which saves

time and fuel and also increases overall safety. Potential Civil, Commercial and Consumer use for GPS

in aviation
« Direct routing for aircraft fuel savings
Operational costs of airline fleets are reduced with COMMUNICATIONS _
more efficient real-time flight planning. * Precise timing for network security protocols

GPS timing provides critical timing data for secure
« Local, national and international enroute navigation /nternet messages, Public Safety Answering Point
Airlines all over the world are retrofitting aircraft technology and setting times on computer networks.
with GPS-based navigation systems.

 Wide-area synchronization of high-speed networks

* Closer aircraft separation standards for more L L ,

efficient air traffic management. * Precise timing and synchronization for wireless local
loop systems

* Precise airfield and landing aid to all airports, L i

regardless of development * Synchronization of power plant generators for electri-
cal phase matching throughout power grids

* Airport surface traffic management L , i .
« Validation of information transmission

« Inflight monitoring of position/location Alarge, international investment bank users GPS to
time trades on its worldwide network. The GPS infor-
« Arctic navigation mation ensures the price of a trade by adding a precision

GPS is used for navigation near the magnetic pole, time stamp to trade information.
because compasses cannot be used, as well as GPS ) i ) i
providing a navigation system that is not dependent * Tagging of information for time-delayed transfer to

on land-based radio systems. data ports
« Seamless (global) air space management * Network management and control _
A U.S. firm equips its paging network towers with GPS
« Monitoring of wing deflection in flight sensors to manage the time transfer of messages and get

networks up and running quickly after failures.

» Wind shear detection . ) _
» Timing of national broadcast programs with local

« Less expensive/more accurate avionics advertising , -
CBS and its national affiliates use a GPS-based system
« Enhanced Loran-C in-flight navigation to coordinate national broadcast programs, such as
sports events or live news programs, with local commer-
* Pilot instruction and education cials during programming breaks

Embry Riddle, one of the world’s leading aviation L i .

training schools, uses GPS to provide guidance for * Home application/appliance timing

flight training operations. GPS tracks actual flights . . . A

and allows pilots to analyze their own performance. *Mobile use position determination for rapid linking to
Personal Communication Systems (PCS)

» Search, location and rescue of downed aircraft and ) )
pilots * Cellular signal strength mapping

During the production of a television show called ~ Using GPS and cellular testing equipment, network
Braving Alaska,” a small biplane went down justa ~ Operators can map the strength of cellular signals and
few miles north of Vancouver, Canada. Rescue pilots then use that information to increase system reach and
would not have been able to find the crash inthe ~ capability.
dense forest growth without the GPS coordinates ) _ . .
supplied by rescue workers on the ground. GPS was * Stochastic networking among cooperative mobile
also instrumental in rescuing Air Force Captain Scott Platforms
O’Grady, the American pilot downed in Bosnia. ) . )

« Differentiation of wireless mode: cordless, cellular,
« Flight procedure and navigational aid testing satellite, etc.

GPS is used to test the accuracy of current aviation L L
navigation aids. GPS receivers are used by the FAA ¢ Precise timing and synchronization for COMA
in its flight inspection fleet. systems.

« Affordable, accurate landing systems for developing® Personal navigation and reporting



Potential Civil, Commercial and Consumer use for waste site, it is difficult to use conventional surveying

GPS in communication techniques. GPS is often used to perform real-time
surveys using digital terrain modeling at sites heavily

ENVIRONMENTAL PROTECTION contaminated with asbestos, lead dust, PCBs and other

» Ground mapping of ecosystems hazardous materials.

GPS is used to map all manner of ecosystems, from

eel grasses in the Puget Sound to coastlines in * Precise location of stored hazardous materials

Louisiana. GPS is used in Department of Energy efforts to stabilize
nuclear wastes from the Rocky Flats nuclear weapons

» Overviews of environmental phenomena plant, which operated from 1950 to 1980. Surveyors

Comprehensive views of deforestation, as well as and engineers used GPS to precisely map the locations
environmental phenomena in lake, rivers and estuar- of hazardous waste sites.

ies, are analyzed and through overviews of a variety

of spatial features that are referenced to GPS-derived ¢ Time-tagging of hazardous materials spills or other
coordinates. incidents

* Preventing ground water pollution » Time-tagging of dredge dumping operations

GPS is used to perform exact location inventories of GPS was used on drainage barges to tag location and

wells and potential contamination sources and map  time of dumping to ensure adherence to Environmental

the migration of toxic plumes in ground water. Protection Agency (EPA) regulations and public safety
concerns.

» Monitoring health of the food chain

If microscopic plankton die, marine life higher on the < Monitoring of natural gas and oil pipelines

food chain also perish. GPS is used to collect A German firm has used GPS to develop intelligent pipe
scientific samples for studies on the effects of corrosion detection tools. GPS provide extremely
ultraviolet radiation and other hazards on precise information on defect locations so that operators
bacterioplankton. can quickly repair dangerous flaws and problems.

« Air pollution measurement Potential Civil, Commercial and Consumer use for GPS

GPS receivers were coupled with gas sensors to map in environmental protection
positions of air pollution concentrations to correlate

satellite data with ground-based samples. FORESTR AND AGRICULTURE

* Forest area and timber estimates
» Mapping of sub-surface contamination GPS is used to map timber block cut areas to avoid
GPS was used to map pollutants in Arctic ice. Results costly traditional surveying and to verify instances of
showed that even in the remote arctic, industrial intentional over-harvesting.

chemicals have penetrated into the ecosystem.
* Protecting endangered species
* River management to avert natural disasters GPS is used to map endangered species habitats and
In Paraguay, GPS is used to detect natural canals andtrack migratory patterns.
precisely determine the height of new channels to

facilitate correct sediment deposit, and thereby * Instant mapping of fire perimeters

controlling water flow and preventing floods. GPS mapping receivers are used in helicopters to fly the
perimeter of fires for dynamic mapping, which allows

* Flood control facilities more efficient use of firefighting resources, as well as

GPS is used to plan, design, construct, and maintain saving forests and homes.
needed flood control and drainage facilities and to

protect and increase the quantity and quality of * Forest fire tracking and containment

groundwater in many parts of the Western United Using GPS and weather service maps, fire fighting

States. aircraft are able to investigate lightning strikes to see if a
forest fire has been started. If a fire is found, the pilot

« Oil spill tracking and cleanup records the location and then brings the data back so that

The National Oceanic and Atmospheric Administra-  fire containment operations can go right to the fire
tion (NOAA) uses GPS affixed to buoys to track the  location.

movement of oil spills and monitor how fast a spill is

spreading. This information helps to manage the work ¢ Precise plowing, planting, fertilizing and other farm

of emergency crews more efficiently uses

GPS data is collected in the field to control weeds and
» Management and maintenance of roads disease, as well as mapping field boundaries, roads and
Using GPS, Italian companies have developed a irrigation systems. Variable rate application of fertilizer

system of computers and imaging equipment to gatherin orchards and vineyards can be done in combination
information about road networks with inventories of  with GPS mapping. Minimizing application of fertilizer
features and attributes required for administration and prevents ground water runoff into streams.
maintenance.
» Unmanned (robotic) harvesting and plowing
» Hazardous waste site investigation At Stanford University, graduate students are working
With the protective gear necessary at a hazardous  on an experimental autopiloted tractor that could work in
any weather, 24-hours a day.
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In Singapore, callers to a taxi service use a system
* Precision crop dusting by aircraft that automatically sends a message to the closest cab.
In Chile, crop dusters can spray pesticides on bana@PS is used to constantly update the system on cab
plantations without using row-end human flaggers to location so it can find the nearest vehicle to the caller.
guide pilots. Instead, GPS guides the pilot showing GPS-based AVL systems also improve scheduling
when the end of a field or area has been reached. and management of bus fleets, subways, monorails
Workers avoid exposure to highly toxic agricultural and other public transportation systems. In some
chemicals. In California, GPS is used to help pilots cities, GPS is used to map and manage school bus

control aerial application of pesticides and other routes for more efficient and safer student transporta-
chemicals on crops and minimize the spray drift of  tion.
chemicals.

* In-vehicle navigation and telematics
Potential Civil, Commercial and Consumer use for =~ GPS-based systems integrated with computer

GPS in forestry and agriculture technology provide drivers with traffic, weather and
location information, including “You Are Here”

GROUNDTRANSPORATION mapping displays. In Japan, drivers use these

« Intelligent Transportation System - ITS systems to avoid or compensate for traffic jams and

In Albuquerque, New Mexico, the Transit Departmentielays.

used GPS to build an integrated ITS architecture that

includes GPS Automatic Vehicle Location (AVL) * Accident location studies

systems, wireline and wireless communications and Some police departments are using a pen-based

Geographic Information Systems (GIS) data. This  computer system to collect data on accidents. The

intelligent transportation architecture provides system uses data provided by GPS units in police

tracking, monitoring and scheduling systems for fixedcruisers to accurately record the date, time and

route buses, vans, and paratransit vehicles in the citylocation of an accident and link that information to
Emergency Medical Service (EMS) records. GPS

* In-vehicle wireless voice systems mapped data is used to study high accident areas and

The Queensland, Australia train system uses an develop potential solutions to improve highway

automated GPS-based system to announce stops to safety.

onboard passengers and provide train locations to

waiting passengers. » Highway construction
GPS is used in all phases of highway construction.
* Truck fleet on-the-road management Survey data is used to design construction projects.

More than 225,000 trucks worldwide are scheduled,Real-time GPS data is used to provide precision
tracked and monitored using satellite-based communguidance and monitoring to heavy machinery during
cations and GPS. These systems improve service andonstruction.
fleet communications. A Dutch trucking company uses
GPS-based automatic vehicle location system to » Monitoring status of bridges
schedule and track trucks delivering perishable High accuracy GPS survey receivers are installed at
produce to market before it spoils. In the United Stategitical locations on bridges to measure deflection
and Mexico, cement suppliers use GPS and fleet  and deformation. This data is used to engineer
management software to more efficiently route cememeinforcements to ensure bridge integrity and safety.
trucks to work sites. This enables more efficient use
of the trucks and improves service over a wider area.» Railroad fleet monitoring

Positive train control is being implemented in the
» Courier dispatch services and vehicle location United States through the deployment of a nation-
A courier service streamlined its response time for wide differential GPS network based on vacated Air
customers by knowing where every delivery vehicle i$-orce emergency communication sites.
at any time.

* Train control and collision avoidance
» Cargo fleet tracking and security A GPS-based separation system is being developed
Truck fleets use GPS to achieve efficient routing andthat will help trains avoid collisions. Using GPS
scheduling. In addition, trucks carrying dangerous orinformation, the fully automated separation system
high-value cargo can be tracked to protect against  will activate a warning aboard trains that are about to

hijacking. get too close to one another.
» Commercial vehicle fleet communications and Potential Civil, Commercial and Consumer use for
tracking GPS in ground transportation

Vehicle fleet operations use GPS-based automatic
vehicle systems to track everything from taxis to tow HEALTH CARE
trucks. In Australia, GPS units include an emergency « Tracking disease spread/distribution
response system that protect driver safety. Pushing the
button sends a location stamped message to dispatckimmediate position/location of medical personnel
ers who can contact police with the exact location of and specialists
the incident.
* Insect infestation mapping
 Improved public services, including taxi and public The University of New Mexico mapped insect
transportation systems infestations in 11 Western states. The data yielded



patterns that enabled disruption of insect life cycle, find disabled vehicles.
saving crops and reducing the use of insecticides.

» Search and rescue
* Epidemiological mapping GPS positioning data is combined with virtual reality
In sub-Saharan Africa, malaria causes the deaths of software to build three-dimensional models of search
more than 1.5 million children annually. In a 1995 areas to assist rescue personnel in finding lost
study, the Center for Disease Control (CDC) in Kenyavehicles and aircraft. The California Rescue Dog
used GPS to create a GIS of households, mosquito Association used GPS to determine exactly where
breeding sites, local health clinics, and permanent anadlogs have searched to identify areas that were not
seasonal rivers. Entomology and childhood mortality sufficiently covered.
databases are linked to the GIS so that researchers can
study the relationships between disease data and * Bomb sniffing

geographic factors. Researchers in Washington, D.C., are developing
sensor devices which, coupled with GPS equipment
* Personal navigation for blind persons helps detect unexploded ordinance on military

A system that uses synthetic speech connected to GPiistallations and remediation sites around the world.
location data is being developed at University of
California, Santa Barbara. This audio system will « Enhanced 911 (E-911) services
actually ‘tell’ sight impaired individuals where they are Enhanced 911 provides information on caller loca-
and will use volume to indicate proximity to a land-  tions by querying a telephone company database of
mark. addresses matched to phone numbers. In Oregon,
GPS was used to build highly accurate databases of
» Transportation of physically handicapped individualsmapped addresses that provide the foundation of the
San Francisco-based Open Hand uses a GPS-based state’'s E-911 system.
AVL system to schedule and track its fleet of vans.
« Security of high government officials and dignitar-
» Tracking of Alzheimer and other patients ies while traveling
A Florida-based company has developed a GPS In high-risk countries GPS is used to provide security
personal tracking system that tracks the whereabouts afid safety for senior government officials. Similarly,
the individuals wearing the device. This system is beif@PS is used to track VIPs at large events, such as the
used in a multitude of applications, including the World Cup championship games.
tracking of Alzheimer’s patients.
« Border surveillance
Potential Civil, Commercial and Consumer use for GPS

in health care « Emergency evacuation planning.

LAW ENFORCEMENTAND SAFETY « Natural disaster damage assessment

« Dispatch of ambulance, police and fire department GPS systems help map and assess the aftermath of
personnel and equipment natural disasters, including floods, earthquakes and

GPS-based AVL systems are used to improve the fires. GPS is particularly useful when recognizable
responsiveness and efficiency of emergency serviceslandmarks have been destroyed.

These systems save lives by shaving minutes off the

time between a call and the arrival of an emergency < Volcanic eruption monitoring and prediction

team at an accident or incident site. GPS navigation In Italy, the active volcano at Mt. Etna is monitored
reduces the occurrence of EMS vehicles becoming losising GPS. Deformation of the cone indicates rising
en-route to difficult addresses. magma and imminent eruption.

» Search and rescue operations » Earthquake monitoring and prediction
GPS-aided accuracy improvements enables greater High-accuracy GPS surveying receivers are being
resource concentration on the rescue itself. In Icelandysed to monitor the earth’s crustal movements
GPS-equipped snowmobiles are used in search and preceding earthquakes. In Japan, a network of
rescue operations. GPS allows emergency personnel knndreds of GPS stations is monitoring shifts of a
conduct rescues in bad weather and precisely guide few millimeters in fault lines. In the United States,
medical care to victim locations. GPS systems gather data for geology research
projects related to land mass movement.
* Locating contraband or illegal substances
Law enforcement agencies use GPS to track and locateSerial criminals apprehended using GPS
narcotics operations. GPS is used to mark the locationBolice have used GPS to track the attacks of serial
of isolated marijuana fields from the air. Then agents rapists, muggers, and robbers, leading to arrests by
can find the locations on the ground using the GPS  predicting the time and location of the next attack.
coordinates.
 Parolee monitoring and tracking

* Tracking/recovery of stolen vehicles In Florida, law enforcement agencies are using a

GPS is used to help police find stolen and hijacked ca@GPS-based system worn by parolees to track them.

and vehicles. The system ensures that parolees do not violate their
parole, and keeps constant track of their location in

» Locating disabled vehicles for road services real-time.

GPS-tagged cellular phone calls help towing services
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Potential Civil, Commercial and Consumer use for « Offshore drilling research and exploration
GPS in law enforcement and safety
* Ship trials and testing
MARITIME AND WATERWAYS
» Emergency distress signals on the high seas » Monitoring icebergs and rouge flows
GPS and satellite communications systems are now
required by the International Maritime Organization e Precision ice breaking operations
(IMO). By February of 1999, 40,000 ships will be
required to carry a GPS-based system that can send <« Observing tides and currents.
out emergency distress signals that include location

and time data. * Location of commercial fishing traps and nets

GPS is used to map and navigate to oyster beds.
* GPS and INMARSAT Commercial fishing operations also use GPS to mark
Merging GPS and INMARSAT technologies has the location of productive fishing sites.

provided vessel operators and their land-based offices
with a full-range of services, such as exact position ¢ Enforcement of international fishing rights
data, two-way messaging, maritime safety informa- GPS data has been introduced in international courts to

tion and emergency notification. resolve disputed fishing claims. Boats caught poaching
can also be required to install GPS-based tracking

» Mapping underwater obstacles during hydro- systems so they can continue to be tracked after they

graphic surveys pay their fine.

The HMNZ Ship Monowai used GPS to re-survey

parts of the New Zealand coast to update navigational Potential Civil, Commercial and Consumer use for GPS
charts initially produced by the Royal Navy in the for maritime and waterways

19th century. GPS coastal and harbor surveys

provided better than three-meter accuracies, and MINING AND CONSTRUCTION

deep-water surveys were accurate to approximately < Electronic marking of geological sites and events

15 meters.

» Accurate stockpile record keeping
» Search and rescue Accurate, repeated GPS surveys of ore and coal
Within hours of the crash of TWA Flight 800, dozens stockpiles permit frequent volume calculations and
of watercraft were on the site to provide search and greatly improved stockpile management.
rescue services. A NOAA vessel equipped with
precision GPS technology was used to map the site  * Precision location for mine surveying
and recover evidence. Rescue personnel use GPS In Indonesia, GPS is used for better scheduling and
help track search patterns to find drowning victims achieving better throughput at the terminal of un-

lost in rivers, lakes and oceans around the world. manned coal barges from several remote areas. Sched-
uling is complicated by a variety of factors, such as

« All weather harbor navigation approach different barge sizes, unloading into an area for the

The U.S. Coast Guard and countries all over the correct grade of coal, various barge journey times,

world use GPS to provide navigation data for varying loading times at the mines and terminal, and

coastline and harbor navigation, as well as to position railroad scheduling at the terminal.
navaids and buoys on the coast and inland waterways.
* Bridge and other marine construction operations

* \essel traffic services In Korea, GPS-based technology was used to install
with centimeter precision the pre-built center-arched
» Precise navigation of inland waterways 150-meter span of the Seo-Kang Grand Bridge. An
earlier span, incorrectly positioned, had failed and
 Harbor facility management fallen into the river.

In Dubai (United Arab Emirates), GPS-based

systems are used to schedule delivery and loading of  Cost-cutting and increased productivity in open cut

containers at one of the busiest ports in the world. In mines

Los Angeles, American Presidents Line is managing a Real-time surveys in Queensland, Australia are used

brand new facility using a high-tech system that for local planning and control, topographic and detail

includes GPS-based container tracking. work in open cut mines. Machine guidance is the next
step in GPS for mining, road construction, rough

* Locations of shipping containers and auto-piloted  grading, land fill, trash and solid waste management,

barges and other uses.
GPS-based systems keep track of containers and
auto-piloted barges to ensure cargo safety. * Precision location for mining explosives
GPS-guided drilling machines follow CAD-generated
» Enhanced Loran-C marine navigation plans for blast hole location. Higher precision results in
more predictable blast patterns and improved productiv-
« Dredging of harbors and waterways ity by blasting crews.

GPS is being used in a dredging operation on the
Panama Canal and at hundreds of other locations Potential Civil, Commercial and Consumer use for GPS
around the world. in mining and construction



RECREATION/ARTS/ENTERTAINMENT
 Recreational boating and sport fishing

GPS allows boaters to know their precise position to

avoid running aground, making sailing and boating
safer. Allows mariners to navigate 24 hours a day in
any kind of weather, including heavy fog.

» Tracking and monitoring of golfers and golf carts

ProShot Golf has developed a system that tracks golf

carts and players, allowing golf courses to run more
efficiently through better scheduling of tee off times
and better monitoring of player locations on the
course. GPS also informs golfers of the accurate
distance to the cup, enabling them to better choose
the correct club.

» Special effects and sound timing for film and video
production

GPS is increasingly being used in filming special
effects. During the production of the feature film
“Daylight,” GPS timing was used to mark actual
footage so that special effects could be added at the
right place in the film.

» GPS transfers reality into virtual reality

A San Francisco audience flew through an accurate
virtual depiction of the City’s terrain, including a trip
across the Golden Gate Bridge in a virtual world
created from GPS positioning data.

* Auto and bike race course planning

GPS is used to give some competitors an edge in
pre-race planning by modeling the entire racing
course.

 Navigation and safety for hikers, bikers and trekers
GPS has been used to guide many cross-continent
and exploratory biking expeditions.

* Precision measurements and mapping for landscape

architecture

Landscape architects use GPS to map land for
planning and design of landscape architecture
projects. GPS provides an inexpensive tool that
produces much faster, more accurate results than
hand mapping.

INFRASTRUCTURE DEVELOPMENT/MANAGE-
MENT

* Lower-cost, faster infrastructure development in
underdeveloped countries

Using GPS, surveyors are able to quickly and

accurately map large uncharted land masses and sea

beds for natural resource harvesting, transportation
infrastructure development and economically
significant products.

» Development of geodetic survey networks
Engineers and surveyors in Russia, China, Puerto
Rico, Brazil and Guam use GPS to build accurate
survey networks to support development.

* Project to restore eroded beachfront
Surveys were launched by Auckland City Council in

» Reducing costs on expensive ground surveys in
swamps, marshes and rainforests

An oil and gas survey was conducted in Equato-
rial West Africa with greater accuracy using GPS.

« QOil pipeline development and monitoring
GPS was used during a to lay a 333 km pipeline
in the Gulf of Thailand.

* Fiber optic cable communications

GPS positioning and navigation are used to lay
fiber optic cables over thousands of miles of ocean
and across undersea mountains and plains.

« Utility GIS development for strategic capital
asset management

Utilities use GPS to map and manage geographi-
cally distributed capital assets. This information
allows utilities to be more responsive when
problems occur because the utility infrastructure is
accurately mapped, and all assets are located and
identified. A North Carolina utility outfitted
mountain bikes with GPS mapping systems to
approach and register 80,000 telephone poles and
60,000 other service features in their territory.

» GPS savings for the cable TV industry

Precise distance measurements via GPS reduce
the time required to gather data for installing cable
TV services.

» Development of county- and city-side GIS
databases

In Dallas, TX, a city-wide GIS that includes
boundary, infrastructure and demographic data is
shared among 14 organizations. Using a single
coordinate system for development and planning
greatly lowers the cost of these activities. Re-
searchers in New Mexico are using a GPS-based
mapping system to map pueblos. Properties and
facilities are mapped in an effort to improve not
only tribal lands, but to improve service by law
enforcement, fire, and rescue personnel.

 National Spatial Data Infrastructure

The United States is developing a common
national reference system to support the many use
of geospatial data by public and private agencies.
GPS-based coordinate measures are a critical
enabling technology for this effort.

WEATHER FORECASTING

» Measuring water vapor for weather
forecasting and climate research
NOAA successfully investigated the use
of measuring atmospheric water using GPS
data as a reliable, continuous and low-cost
measurement under any weather conditions.
In this application, the highly accurate
location information is disregarded.
Instead, scientists study the time delay of
GPS signals as they travel through the
atmosphere to estimate water vapor conditions.

New Zealand to establish existing beach levels and to p\)g| |c SAFETY

ensure correct sand replacement.

» The Riverside Flood Control District uses GPS to help
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plan, design, and maintain flood control and
drainage facilities.

» The Metropolitan Water district of So. Califonia
uses GPS to monitor the new Domenigoni Valley
Reservoir Project, the largest earthen dam in the
world.

« Lifeguard Systems Inc. uses GPS to help track
search patterns to find drowning victims lost in
rivers, lakes and oceans around the world.

eLandform Inc. combines GPS information with
virtual reality software to build three dimensional
models of search areas to assist rescue personnel in
finding lost vehicles and aircraft.



Section | - GPS Market Projection 1998-2003

Industry Structure

The number and type of firms involved in providing GPS goods and services are as diverse
as the GPS applications themselves. The GPS market is made up of a spectrum of competi-
tors ranging from mid-sized commercial electronic companies; aerospace, first-tier automo-
tive suppliers, and consumer product companies. GPS car navigation markets are dominated
by first tier automotive electronic suppliers. The handheld equipment markets are led by
three firms: Garmin, Magellan, and Lorrance. The military and aviation markets are largely
served by aerospace firms such as Rockwell, Honeywell, Allied Signal, and Boeing. Com-
mercial marine suppliers include the traditional heavy-industry suppliers such as Raytheon,
Sperry, Krupp, Atlas, Furuno, JRC and Koden. Survey, construction, and tracking are com-
mercially-driven and led by Trimble and Ashtech. Trimble is also very strong in the tracking
market in which system integration skills are crucial, and is moving into control of heavy
mobile machinery. In the relatively small timing market consists of commercial GPS com-
panies working in alliance with larger companies to manage communication networks. The
GPS manufacturing industry, including some semiconductor manufactures such as Motorola,
is going through consolidation and substantial change. Direct manufacturing represents less
than half of all industry revenues and this share is expected to decline in the future as system
integration and value-added services grow in importance.

GPS markets are unique in the involvement of the largest U.S. aerospace and consumer
electronics companies as well as venture-capital backed start-ups. There are a relatively
small number of original equipment manufactures (OEM) who are capable of producing
complete GPS user equipment, e.g., the integration and packaging of unique microchips and
original software, such as the U.S. firms of Trimble Navigation, Orbital Sciences, Rockwell,
and Motorola. There is only one company, Boeing Aerospace, which currently produces the
GPS satellites themselves. On the other hand, there are a large number of firms who produce
GPS-related components for the OEMs and their own lines of GPS equipment (e.g., car
navigation, recreational boating) from parts produced by others. Finally, there are an even
larger number of firms which use GPS to create valued-added services such as geographic
information systems and land surveys.

The most comprehensive, if self-selected, listing of GPS-related firms can be found in the
annual industry survey @PS World magazine. In 1997, a total of 301 firms listed them-
selves as providing some sort of GPS-related good or service compared to 109 in 1992; the
year after the Persian Gulf War brought GPS to wider public attention. The number of firms
counted is likely to be conservative, and less accurate, as one moves away from those pro-
ducing GPS-specific products to firms who use GPS but who do not identify themselves with
the GPS market per se.

Table 2 depicts how the 301 companies in @S World database describe their participa-
tion in the market by categories of goods and services offered. The table also shows fre-
guency of participation in major categories where a company may participate in several
subcategories as well. The company participation by category without counting the multiple
participation in subcategories is also shown, Table 3, in decending order of participation..
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Table 2

GPS Goods & Services Categories

Actual
Total Number of
Number of | Companies
Companies | per Industry
per Industry Segment
Segment (Repeats
removed)
Total Actual
ACCESSORIES 0 46
ANTENNAS 131 83
BANDPASS FILTERS 13 13
BUFFER BOXES 4 4
COMM DATALINKS 28 28
COMPUTER PERIPHERALS 21 17
DATALOGGER GPS 26 26
DIFFERENTIAL GPS 232 9
DIGITAL COMPASSES 10 10
DISPLAYS 69 46
ELECTRONIC BULLETIN BOARDS 4 4
ELECTRONIC CHARTS/MAPS 33 33
GLONASS HARDWARE/SOFTWARE 15 15
INTEGR GPS NAV EQUIP 160 87
INTEGR INSTRU W/GPS 272 117
IONOSPHERIC CALIBRATORS 2 2
LABORATORY TEST EQUIP 12 12
MAPPING 215 A
MARKET ANALYSES/REPORTS 6 6
SYSTEMS 15 15
PRECISE EPHEMERIS INFO 4 4
PUBS, GUIDES ETC. 13 13
RADIOMETERS 2 2
RECEIVER COMPONENTS 59 A
RECEIVER-PERFORM ANALY 8 8
RECEIVERS 527 148
SAT SIGNAL SIM/PSEUDOSAT 10 10
SECURITY CODE DECRYPT 5 5
SEMINARS/TRAINING 26 26
SOFTWARE 527 155
SPACE SYSTEMS 15 10
SURVEYING 61 3B
SYSTEM DESIGN/INTEGRA 21 21
TIMING & 3
VEHICLE LOC/TRACK WKSTATIONS/SYS 56 56
OTHER GPS PROD 53 53

301 total participants

Data Source: GPS World Magazine (with permission)




GPS Goods & Services Categories - Descending Order of Participation

SOFTWARE

RECEIVERS

INTEGR INSTRU W/GPS
DIFFERENTIAL GPS

MAPPING

INTEGR GPS NAV EQUIP
ANTENNAS

VEHICLE LOC/TRACK WKSTATIONS/SY¢
OTHER GPS PROD
ACCESSORIES

DISPLAYS

SURVEYING

RECEIVER COMPONENTS
TIMING

ELECTRONIC CHARTS/MAPS
COMMUNICATIONS DATALINKS
DATALOGGER GPS
SEMINARS/TRAINING

SYSTEM DESIGN/INTEGR
COMPUTER PERIPHERALS
GLONASS HDW/SOFTWARE
PHOTOGRAM/GPS INTEGR SYS
BANDPASS FILTERS

PUBS, GUIDES ETC.

LAB TEST EQUIP

DIGITAL COMPASSES

SPACE SYSTEMS

SAT SIGNAL SIM/PSEUDOSAT
RECEIVER ANALYSIS

MARKET ANALY/REPTS
SECURITY CODE DECRYP
BUFFER BOXES

ELECTRONIC BB

PRECISE EPHEMERIS INFORMATION
IONOSPHERIC CALIB
RADIOMETERS

NNARROOooBEBREREELARERBBBLREE5388IRBES

301 total participants

Table 3

Data Source: GPS World Magazine (with permission)

This categorization represents the way in which the industry defines itself to its customers.
The categories are the “terms-of-the-art” that they feel best identify their products to poten-
tial buyers. Such categorizations tend to overlap and in some cases may be redundant but
serve as a measure of the diverse nature of the industry and the growth in participation. GPS
firms listed in Appendix A shows that they are located throughout the world. In less than a
decade a new industry has emerged and is sufficiently robust to have already developed
substantial international as well as domestic competition.

The listing of current GPS firms (see Appendix A) and their product lines were reviewed to
find industry leaders (see Appendix C). From our experience, the smaller and more special-
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ized firms tend to concentrate on their own markets and customers. As a result, the survey and
interviews were focused on GPS firms offering the widest range of products in order to get a
broad picture of the market and trends. Through the cooperation of the GPS Industry Council
(USGIC) a new composite estimate of the GPS market has been developed for the period 1997
through 2003.

Individual responses were blended into a single market projection to protect proprietary data and
reviewed to create a consensus estimate. The overall revenue estimates in each market segment
are largely driven by projections of unit sales based on differing rates of market penetration,

price points, and production economies of scale and scope. Sales of GPS satellites, contracts for
operating the space segment, and related launch services are not included as these areas are not
subject to international commercial competition due to national security requirements. All other
market segments, including military equipment, are open to full commercial competition.

Worldwide GPS Sales (excluding space)
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millions of dollars

Table 4 - GPS Market Projections by Segment

1996| 1997|1998] 1999 2000/ 2001] 2002 2003
Car navigation 520 900)1600] 2300/ 2900/ 3600/ 4200/ 4700
Consumer 324 560| 850] 1200/ 1800/ 2400/ 3100/ 3800
Tracking/Machine Control 170 280| 450| 720/ 1100/ 1650/ 2300/ 3000
OEM 180 200| 260] 320/ 400 480 570 690
Survey/mapping/GIS 370] 530] 735] 960/ 1300/ 1740/ 2320/ 3120
Aviation 125 160] 220 300/ 380 500 600 710
Marine 120 130] 140| 155/ 165 180 195 210
Military 80 90| 100/ 110/ 130 145 160 185
Total 1889| 2850|4355 6065/ 8175/10695/13445/16415

Table 5 - Historical Data from 1995 USGIC Market Estimate

millions of dollars

1995 Market Estimates| 1993 1994 1995
Car navigation 100 180 310
Consumer/cellular 45 100 180
Tracking 30 75 112
OBEM 60 110 140
Survey/mapping 100 145 201
GIS 25 35 50
Aviation 40 62 93
Marine 80 100 110
Military 30 60 70
Total 510 867 1266

Results of Industry Survey

Figure 3 shows the overall market estimate (based on total sales) developed by the survey.
Data used for this figure are given in Table 4. Historical information through 1995 was based
on 1995 USGIC estimates, shown in Table 5. Figure 4, on the next page, further defines the
growth of individual market segments for the period 1998 through 2003.

The horizon for this survey has been modest, to 2003, with the view commonly expressed
that estimates beyond that range are highly speculative at best. It is noteworthy that in the
three years since the 1995 USGIC estimate, further differentiation of the market has taken
place and a consolidation of companies is underway. As a result, a few definitions have been
changed from the 1995 USGIC estimate. The sector previously termed “consumer/cellular”
has been changed to “consumer” or “recreational” to better reflect the segmentation that has
occurred since 1995. “Machine control” has been added to the “tracking” category to reflect
the increasing use of GPS and GPS signal simulators (termed “pseudolites” instead of satel-
lites) in controlling large mobile machinery such as used in agriculture and open pit mining.
The “mapping” and “GIS” functions have been combined with the older “survey” category to
reflect the increasing integration and interdependency of these activities. In future estimates,
we may see other emerging uses such as space-based applications where GPS is used to
accurately determine the satellite position as well as providing precise timing functions.
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Figure 5 shows the relative sizes of GPS market segments. In the early 1990s, car navigation
(in Japan) and survey and mapping (in the United States) were the leading market segments.
Both segments are expected to continue to be important, but consumer and tracking/machine
control functions are expected to join them in importance by the early 2000s.

Overall observations based on the market projection presented here include:

» Total growth for the market is expected to remain robust with an average growth rate of
just under 25% during 1998-2003.

* Global sales are on-track to exceed $8 billion by 2000 and are could exceed $16 billion
by 2003.

* The pattern of market segment growth will continue with new applications entering the
market after 2001-2003;

* The growth in car navigation applications will be the driving GPS commercial applica-
tion during the period and then slowing as markets saturate;

» Survey applications will remain strong, but with slower growth relative to newer market
segments such as tracking and machine control;

» Aviation applications will increase after 2001 as new wide-area augmentation systems
become available and GPS is accepted for use in a wider range of flight conditions.



Military and marine applications will not decrease in absolute size, but will be an increas-
ingly smaller part of overall GPS sales;

A developing “commodities” level market is emerging (especially in the consumer or
recreation area) where GPS is an embedded application with other information technolo-
gies. The growth of this market will be dependent on continued reduction in the cost of
GPS electronic units (chip sets/boards) and the cost of their integration into a total sys-
tem;

Because GPS has become a pervasive information utility in numerous public safety
applications and infrastructure support (e.g, network synchronization), the full import of
the value of GPS to the national and international economy is likely to be underestimated
by market revenue projections.
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Figure 5

Market Share Trends

In 1997, three consulting firms made their own estimates of the future GPS market that provide
another view of the situation. The Freedonia Group (Cleveland, OH) estimated the 1996 world GPS
market at about $1.5 billion , growing to $6.5 billion in 2001 and $16.4 billion in 2006. This repre-
sents a 29% annual growth rate from 1992 to 1996 and a 34% growth rate from 1996 to 2001. The
U.S. market share was estimated to be over one-third of the world total.

Similarly, Frost & Sullivan (Mountain View, CA) estimated that just the North American GPS
applications market would grow from $366.2 million in 1996 to $3.5 billion by 2003. Automobile
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navigation and precision timing (e.g. for communications) were seen as having the fastest
growth rates. The estimate did not, however, include recreational GPS receiver sales. Over-
all, the total North American applications market was expected to grow at a 26.6% annual
rate from 1996 to 2003. There was no estimate of the world market in this study.

Finally, Booz-Allen & Hamilton (Paris, France) estimated that the European market for

Global Navigation Satellite Services (GNSS) goods and services would have a ten year
(1998-2007) cumulative value of 39 billion ECUs or over $42 billtlofThis estimate in-

cluded ground equipment, space systems, and services. It is also about one-third of the 1995
USGIC global estimate for the same time period. Annual growth rates were expected to be
rapid in the near term (1998-2000), at 40-50%, starting with a small base, but then remaining
relatively flat after 2000.

Based on the industry survey in this study, estimated market shares for 1998 and 2003 are
shown in Figuré. Market shares for the period 1998-2003 are not expected to change in a

Global GPS Market Share Projections
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major way. It is important to note the relative shares are for a total international market of
increasing size.

Currently, the USGIC estimates there is a commercial installed base of over three million
GPS users. They further estimate that worldwide production of GPS systems is on the order
of 250,000 units per month. They expect the user community to grow to the point of adding

1 The European Currency Unit (ECU) is used for internal accounting purposes within the European Union. The ECU is
made up of a basket of EU currencies and consists of a specified amount of each currency. The relative weighting of each
currency in the ECU is meant to reflect the relative importance of the individual national economies. The ECU is now

being viewed as the fore-runner of the Euro, the proposed single European currency.
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about 2 million users per month by the year 2000. The margins on products sold to these
users will likely be smaller as a greater portion of sales will be inexpensive “information
utilities” within which GPS is embedded. On the other hand, higher margin product opportu-
nities will present themselves as GPS is embedded in national infrastructures (e.g., public
safety, aviation, maritime, telecommunications) where current penetration is estimated to be
only about 5% of the addressable markets.

The following are highlights for the period 1998-2003:

* The worldwide GPS market will increase about four times in size over the current market
during the next five years;

* The United States, Canada, and Japan, followed by Europe, will be the leading producers
of GPS equipment.

* The relative U.S. share of the world market will decrease slightly but will increase in
absolute terms during the next five years;

» During the early portion of the period, Japan’s share should expand slightly as a result of
increasing car navigation sales, but flatten later in the period as markets saturate;

* In Europe, rapid growth in car navigation is expected throughout the period while the
defense market share declines after 2000; and

* The consumer GPS market will begin to build rapidly toward the end of the period as
lower-priced GPS capabilities are embedded in mass market goods.

Regional Market Developments & Opportunities

North America, led by the United States, remains the dominant provider of GPS products and
is expected to remain in that position through 2003 closely followed by Japan. The North
American market, followed by Japan, is also the most advanced, in terms of size and breadth
of GPS applications. The United States and Japan are roughly even in GPS manufacturing
technology, with the United States having a slight lead in higher value-added products such
as those with a high software content.

The size of regional markets, however, does not necessarily correspond to the size of firms
based in those markets. Firms tend to specialize in particular market segments in response to
regional differences in market segments. The following sections provide brief discussions of
key regional developments.

The GPS market remains an evolving and expanding business opportunity. While consolida-
tion continues, new opportunities are emerging which should attract entrepreneurial ventures
that exploit new business opportunities or find ways to offer superior service and value in
specific areas of need. Table 1, Section | indicates how new uses of GPS continue to emerge.
The cost of entrance will vary widely in each of these applications of GPS but even small
firms with minimum capital should find a relatively low capital barrier in at least some of

these areas. More difficult to evaluate is how the consumer market will develop. But in all
markets the degree of penetration is still small enough as to offer opportunity for those who
can understand the market dynamics for the application they wish to sell.

27



28

North America

The overall U.S. industry leader is Trimble Navigation which offers GPS products in every
segment of the GPS market. In 1991, it was the first GPS firm to go public with a business
base in high precision survey equipmeiitimble has formed a number of strategic alliances

to address different market segments. It worked with the Japanese firm of Pioneer Electron-
ics in the early development of car navigation products and a high-quality flexible manufac-
turing facility. Other partners include AT&T (communications), Honeywell (avionics),
Caterpillar (agriculture equipment), and Microsoft (geographic information systems).

The GPS industry has been affected by the dramatic post-Cold War consolidation of the U.S.
aerospace industry generally. An important example of this consolidation was the sale of
Rockwell's Space Division, which builds the GPS Block IIF satellites, to Boeing Aerospace.
While the total number of firms participating in the GPS market has increased, many smaller
firms and GPS product lines have merged or been acquired in recent years.

In 1994 Orbital Sciences Corporation (OSC) acquired Magellan Systems, a leading manufac-
turer of personal, handheld GPS receivers. As a subsidiary, Magellan continues to manage a
strong distribution network in which 30% of its sales are international. In 1997, Rockwell’s
Driver Information Systems business unit was sold to OSC as part of Rockwell’'s shedding of
major aerospace and defense business lines. The major product acquired was the PathMaster
car navigation line, widely available on Hertz car rentals. Rockwell retained its military GPS
receiver business, however. Later in 1997, OSC merged Ashtech with Magellan. Ashtech

was a leading supplier of high-precision GPS survey equipment, including combined GPS/
GLONASS receivers.

In early 1998, Motorola created a new “Telematics Information System” business to integrate
its GPS, cellular, wireless messaging, and microprocessor design and production capabilities.
The goal is to combine wireless voice and data communications in providing vehicle drivers
with location information, emergency roadside assistance, and entertainment from a central
service center. Some of these options, such as emergency assistance using GPS, are already
offered on luxury cars from the United States and Japan. Emergency road assistance is
expected to be particularly significant in improving response times in the case of rural acci-
dents. The majority of fatal auto accidents occur in rural areas.

Car navigation has grown more slowly in North America than many analysts expected. This
appears to have been due to the challenge of creating comprehensive, up-to-date digital maps
and the market requirements for more sophisticated software that could provide reliable
directions and not just show a vehicle’s location on a map. As a result, Europe and Japan
currently have the largest segment of the GPS-based car navigation industry worldwide. In
Japan, the focus is on individual cars while Europe has focused on commercial trucks.

2 NovAtel of Canada, which makes survey and mapping products, is the onlu other publicly traded GPS firm.

3 “Launching of the JGPSCNews Release of the Japan GPS Coufiefl4-11 Yushima, Bunkyo-ku, Tokyo, 113 Japan, May 5, 1993.



Asia-Pacific

After the United States, Japan is a world leader in the development and application of

GPS technology. In the United States, military GPS ground equipment sales were an
important source of initial revenues. This was followed by the adoption of GPS in the
survey and mapping market. In Japan, GPS has been traditionally thought of as a form of
consumer electronics in which low-cost, high-quality mass manufacturing is the key to
winning market share and commercial leadership. Thus Japanese firms have concentrated
on mass markets such as automobiles and portable GPS receivers. The Japanese construc-
tion industry is shifting from older triangular net survey systems to GPS-based survey
systems, a process the United States started over ten years ago. In 1998, Japanese govern
ment and industry leaders are expected to complete testing of “real-time kinematic” GPS
techniques for certified use in cadastral land surveys. This is expected to boost the pro-
ductivity of Japanese survey and construction projects.

The Japan GPS Council (JGC) is the Japanese counterpart to the U.S. GPS Industry
Council. It was established in 1992 by eight GPS receiver manufactures, application
suppliers, and users: ASCII, Central Japan Railway, Nippon Motorola, Mitsui & Co.,
Pioneer Electronic, Sharp, Sony, and Toyota Motor. By the end of the year, the Council
had 72 corporate members and 15 supporting parties such as non-profit corporations and
other technical associations. In addition to private firms, the JGC is sponsored by the
Ministry of Posts and Telecommunications (MPT) and the Japan National Police Agency.
While the USGIC focused on OEMs, the JGC includes major users such as Japanese car
manufacturers and railroads.

Car navigation is the largest single GPS market in Japan with low-end prices dropping to
under ¥15000 per unit (or just over $100). Initially offered on luxury cars (e.g., Toyota
Crown), car navigation units become popular “after-market” accessories. The combina-
tion of rapid sales and weak growth in the Japanese economy, however, may lead to
domestic market saturation in a few years. As a result, Japanese firms are looking for
export opportunities and moving into new GPS applications. In particular, there has been
an increasing interest in the use of GPS in competitive fixed and mobile telecommunica-
tion networks as part of the Global Information Infrastructure (Gll). Thus we may see
new initiatives using GPS in both cellular telephone and mobile satellite communications
in coming years.

China has some domestic GPS production capabilities and has tested land vehicle and
marine navigation systems. It is not a major manufacturer or developer of GPS technol-
ogy. Chinais a large potential user of GPS technology, especially for transportation,
construction, communications, and other infrastructure development. Overall, China
represents a limited market opportunity for the period 1998-2003, but international GPS
firms are seeking to establish a presence in the market in anticipation of growth beyond
2003.

Other countries in the Asia-Pacific region have made use of GPS in specialized areas. For
example, the Civil Aviation Authority of Fiji relies on GPS to provide all air navigation
services around the island and for a large area of the Southern Pacific. In Singapore, a
taxi service has added a new twist to hailing a cab. Callers use an automated system that
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automatically sends a message to the closest cab. GPS is used to constantly update the system
on cab location so it can find the nearest vehicle to the caller. GPS-based Automatic Vehicle
Location (AVL) systems also improve scheduling and management of bus fleets, subways,
monorails and other public transportation systems.

The current financial crisis in Asia has resulted in slower sales growth for GPS car navigation
units and other consumer applications, but has not harmed the industry generally. This seems
to be the result of the still relatively low level of penetration of GPS equipment and services

in Asian infrastructure, the concentration of current Asian GPS manufacturing in Japan

(which exports heavily outside of Asia), and local government spending on infrastructure

such as highways and earthquake monitoring networks which utilize GPS equipment.

Europe

The European GPS equipment market is largely supplied by U.S. and Canadian firms
through direct sale of receivers or OEM board with GPS microprocessor “engines.” There
continues to be debate within Europe on the relative importance of GPS satellite technology
as compared to receiver technology. Some argue that Europe already has the necessary
technical capabilities to produce competitive GPS ground equipment while others argue that
a stronger European position in space systems is necessary. This debate occurs against the
backdrop of continuing efforts to restructure and privatize European aerospace and defense
industries in which new satellite construction contracts are being sought.

Smaller European countries, especially in Scandinavia, appear to be taking a more entrepre-
neurial approach to GPS technology. Local firms are focusing on immediate applications in
land survey, vehicle tracking, geographic information systems, and coastal navigation. In
some cases this has led to European acquisition of U.S. firms such as the transfer of the
Magnavox’s GPS product line to the Swiss firm of Leica in 1994,

European participation is expected to continue to expand based on its already strong partici-
pation in GPS applications in oil exploration and recovery in the North Sea. For example,
GPS receivers provide continual subsidence rate measurements to engineers on drilling
platforms in the North Sea Ekofisk oil field, which is operated by Phillips Petroleum Com-
pany Norway. GPS is also being combined with communications services by European
firms. Racal in the United Kingdom, and Fugro, in Holland, are presently the leading suc-
cessful commercial models for the use of GPS space-based augmentations in the oil explora-
tion industry. Differential GPS services are crucial to marine survey for work helicopter
logistics support to the North Sea oil fields. The importance of this GPS application is real-
ized considering that North Sea oil accounted for about 2.5% of the 1997 GDP of the United
Kingdom.

Rapid buildup of GPS applications in Europe is expected to occur in step with the maturation
of air and rail transportation networks in the London-Milan crescent, where about seventy
percent of Western European population and industry is located. Such networks tend to be
more highly integrated and dense than in North America. GPS is particularly useful for the
“multi-modal” shipment of cargo from sea ports and air ports to trains and trucks. These
transportation networks can be expected to expand into Eastern Europe as those economies
develop. Poland and the Czech Republic are in the process of using GPS to create standard-



ized geodetic control networks that can be used to update old land surveys. Such information
can in turn facilitate European market integration by providing a common data base for
transportation, communications, and energy infrastructure. The full potential of these devel-
opments is not expected to be seen until after 2003, however.

As this report was going to press, Frost & Sullivan (Mountain View, CA) was preparing to
release a new study of the European GPS market. They estimated that the total GPS hard-
ware market in Europe in 1997 was $228.7 million and that by 2004, it would total $960
million in sales. Marine applications accounted for most of the observed sales in the past
while land-based uses (e.g., cars, trucks, and railways) are expect to account for about 75%
of sales by 2004.

Other Participants

Other regions of the world do not as yet play a major role in GPS technology or manufactur-
ing. However, the use of GPS to meet local needs helps drive the development of new
application and software. Small and medium-sized enterprises can thus find commercial
opportunities in exploiting existing technology and equipment in new ways.

In Latin America, Africa, and the Middle East, aviation applications should be the dominant
GPS market through 2003. Aviation uses of GPS are in turn linked to broader transportation
and shipping infrastructures. In Dubai (United Arab Emirates), GPS-based systems are used
to schedule delivery and loading of containers at one of the busiest ports in the world. In
addition, each of these regions has unique issues which can be resolved with the aid of GPS
applications. The ability of commercial GPS firms to provide solutions to environmental
management, infrastructure development and other critical local needs will determine the
market leaders of 2000 and beyond.

In Latin America, GPS has been found to be useful in regional environmental management.
In a project impacting Argentina, Paraguay and Bolivia, natural canals have been detected
and accurately mapped using GPS. GPS has also been used to design the precise height of
new channels to facilitate flow for the Pilcomayo River, which fills with sediment. These

new channels will keep sediment moving through Patino Estuary by using river canals to
restore the Pilcomayo’s flow. GPS is also used in the adjudication of border disputes through
more accurate and reliable land surveys.

In transportation infrastructure, trucking fleets in Mexico, Brazil and other Latin American
countries use GPS to achieve efficient routing and scheduling. In addition, trucks carrying
dangerous or high-value cargo can be tracked to protect against hijacking. This helps lower
theft losses and associated insurance premiums.

In sub-Saharan Africa, GPS is especially critical to the improvement of air safety in a region
where air traffic management is very poor. GPS is also useful in addressing local health
problems. For example, malaria causes the deaths of more than 1.5 million children annually
in sub-Saharan Africa. In a 1995 study, the Center for Disease Control in Kenya used GPS to
create a geographic information system (GIS) locating households, mosquito breeding sites,
local health clinics, and permanent and seasonal rivers. Entomology and childhood mortality
databases are linked to the GIS so that researchers can study the relationships between
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disease data and geographic factors. This enables local health officials to more efficiently target
limited resources to reduce the incidence of malaria.

GPS infrastructure uses are not always directly obvious as in the case of transportation or construc-
tion. GPS tracking is used to manage game parks and track endangered species. Aside from eco-
logical benefits, better game management helps promote international tourism, an important factor
for many economies in the region.

GPS infrastructure uses are not always directly obvious as in the case of transportation or construc-
tion. GPS tracking is used to manage game parks and to track endangered species. Aside from
ecological benefits, better game management helps promote international tourism, an important
factor for many economies in the region.
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Section Il - Current and Developing Market Sectors

Market Sectors

Since 1984, when GPS was first accepted in commercial surveying, the breadth and depth of civil
GPS applications has rapidly multiplied. The “classical” market of location determination has

grown into other functional applications such as navigation and timing which are in turn being
combined with other capabilities such as communications and geographic information systems. This
growth has been enhanced by the rapid development of other information technologies, such as
microprocessors and software, and GPS augmentation such as differential correction networks.
Many emerging markets involve the use of the GPS signal in an embedded application where the
role of GPS per se is not generally recognized (see Tabtgrbduction). The use of the GPS

signal is a fast growing market essential in many commercial, public safety, and defense applica-
tions. The U.S. guarantee of a free and reliable GPS signal is the cornerstone of what has become ar
essential global information utility.

Aside from building the GPS constellation itself, the first GPS products were military receivers.

Like many other dual-use technologies, the government was the first purchaser. As GPS technology
improved and the first commercial applications were found, professional and technical business
customers emerged. GPS equipment was still expensive, but it could be justified on the basis of its
productivity benefits. Finally, as costs dropped even further, personal and mass market uses became
possible and individual consumers emerged as customers. This progressive expansion of GPS
markets followed the decreasing prices and increasingly capable applications, not any change in the
GPS signal or constellation.

For U.S. economic statistical purposes GPS equipment is included within the Standard Industrial
Classification (SIC) 3829Measuring and Controlling Devices, Not Elsewhere Classifigdcause

of the GPS heritage of being developed from within the aerospace industry, it is logical that GPS
would be identified by this SIC classification where aerospace is the dominant industry. However,
the characteristics of the GPS industry have rapidly diverged from that of the aerospace industry
because of the rapid growth of diverse non-military applications. Thus the SIC classification which
describes the aerospace industry no longer adequately describes the nature or trends of GPS and the
substantial commercial industry that has grown up around it. Only the military portion of the GPS
industry can easily be described within the current SIC classification. Given these changes in the
marketplace, it would be helpful to market analysts if the characterization of the GPS industry could
be improved to assure that its domestic and international role is better understood and easier to
monitor.

The following sections briefly discuss trends in various GPS market sectors as they exist today and
developments which can be expected in the near future.

Consumer/Recreational

U.S. industry estimates that there are about 40 million potential users in the United States alone for
consumer and recreational GPS equipment. This includes fishermen, campers, hunters and other
outdoor recreational participants. Like other mass markets, this sector is characterized by strong
demand elasticity and requirements for ease of use. Current retail price points are in the range of
$150-300 and are expected to fall below $100. The decline in the cost of GPS electronics is feeding
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this market and is expected to continue to do so through 2003. While price declines have led
to greater sales and economies of scale, they have also put greater pressure on profit margins.

Recreational users would welcome greater accuracy if there was no increase in cost. While
desiring greater accuracy, consumers are typically price sensitive and have not been willing
to purchase differential GPS equipment or services in large numbers. Thus recreational users
have expressed support for turning Selective Availability to zero. Whether recreational users
benefit from the addition of a second civil signal will depend on whether user equipment can
be modified within existing price points.

Another use of consumer GPS is in improving the productivity of recreational facilities. For
example, golf cart rentals can make up 40% of the revenue of a course and GPS equipment is
increasingly available as a cart option. Players like the position location service and advice
provided by a “smart” cart, the course is able to charge a slight premium for equipped carts,
and players tend to complete the course faster, thus increasing the number of fees than can be
charged per day.

Finally, recreational GPS is also becoming another “embedded” application. One example, is
its use in the creation of more realistic computer games. GPS survey equipment was used to
map major automobile racetracks around the United States, including features such as pave-
ment, curbs, fence lines, pits, paint lines, etc. This data was then incorporated into
Microsoft's Precision Racing Indy Car Simulator to recreate each course in three-dimen-
sional simulations accurate to within a few centimeters.

Military

The evolving defense market will remain a small, but important, sector throughout the 1998-
2003 period. U.S. allies are increasingly reliant on GPS in order to maintain modern,
interoperable military forces. The military market, while captive to government contracts,
adds to the total technology and manufacturing base for GPS production, whether military or
civil. The largest users of military GPS equipment are located in the NATO countries of
Europe and Canada, followed by Israel, Australia, New Zealand, Korea, and Japan.

GPS is required on virtually all U.S. military vehicles, whether on land, at sea, or in the air or
space. When placing GPS on such platforms, the cost of integrating GPS on-board is typi-
cally the largest cost, not the equipment itself. The Army is the largest purchaser of GPS
receivers for infantry, artillery, and armored units. The Army is also the most similar to a
consumer market in stressing the need for low cost and ease of use in its GPS equipment.
While military applications continue to grow rapidly, the civil installed base currently ex-
ceeds military applications by approximately 3 to 1 and is expected to grow to 8 to 1 in less
than a decade. As a result, government R&D spending on user equipment has declined
steadily from the late 1980s. Thus opportunities in the military sector are focused on imple-
menting solutions to military needs rather than developing the basic technology.

GPS is also being embedded inside of munitions themselves and sales of GPS systems for
munitions are expected to increase through 2003 and beyond. As defense budgets decline or
stay flat, individual munitions are having to become “smarter” and more lethal to accomplish
missions with smaller forces. Such munitions include; AGM-130, AGM-154 Joint Service



Standoff Weapon (JSOW), Joint Air-To-Surface Standoff Weapon (JASSW), Joint Direct
Attack Munitions (JDAM), other GPS-aided munitions and advanced artillery shells.

Avionics

There are an estimated one million pilots and 400,000 aircraft in the United States alone.
There are major differences, however, in the needs of domestic general aviation and interna-
tional commercial aviation. General aviation has much the same characteristics as the marine
small boat field, with a potentially large number of users (estimated as 20 million vessels
worldwide) in a highly price elastic market. Current price points range from $500-$1700,
falling to an average of less than $1000.

The Commercial aviation industry is concerned that international air traffic control systems
need to be modernized drastically in the next few years in order to improve capacity and
improve (if not maintain) safety. Airlines such as United, Continental, and American advo-
cate an approach termed “free flight” in which satellite navigation and communications
systems allow aircraft to make more direct, fuel-efficient flights, land in poor/no visibility
conditions, and maintain safe separation from other aircraft and terrain. “Free flight” would
also allow the retirement of older, expensive-to-maintain, navigation aids.

GPS is recognized as both cost effective and resource efficient by commercial carriers and
military airlift organizations. While a necessary technology, GPS-based avionics alone are not
sufficient to achieve all accuracy, integrity, and availability requirements. As a result, assur-
ing the reliability and integrity of GPS and its augmentations is more significant to the growth
of GPS aviation markets than price alone. Providing necessary signal assurances to aviation
authorities worldwide and the rapid development of equipment standards and certifications
remain essential market growth.

The most immediate threat to this market is a European proposal at the International Tele-
communications Union to reallocate and share a portion of the current GPS spectrum with
Mobile Satellite Services. Such sharing would be incompatible with the use of GPS in
aviation safety-of-life applications due to the risk of interference. This proposal was opposed
at the last World Radiocommunication Conference (WRC-97) by the United States, the
International Civil Aviation Organization, and the European Commission DG VII (Transport),
and others. It is expected that this proposal may be presented again at WRC-99.

Automotive/Intelligent Vehicle Navigation

GPS-aided car navigation is a major market in Japan and is growing in Europe. Semiconduc-
tor chip sales for cars reached 1.14 million units in 1996 and are expected to approach 11.3
million units in 2001 according to a 1997 Dataquest study. Similarly, in the same study, the
total semiconductor manufacture for car navigation worldwide was projected to grow to

almost $1.7 billion in 2001, up from $246 million in 1996. In 1997, almost 90% of car
navigation market sales were concentrated in Japan. The largest sales region for GPS naviga-
tion semiconductors is Japan, at $318 million in 1997, Europe at $41 million in sales, the
United States was only $4 million.

The 1997 issue of thdanson Report on Automotive Electroniestimated that only 6,000
navigation systems will be sold in the United States in 1997 (excluding emergency-call
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equipment, such as Ford’s Rescu), compared with 50,000 in Europe and more than one
million in Japan. During the next five years, the market for car navigation systems is ex-
pected to saturate in Japan while the rest of the world will continue to expand and thus
maintain this sector as an important one for the foreseeable future. In contrast to the highly
price sensitive automobile market, U.S. firms appear to be focusing in the near term on the
automatic control of large vehicles used agriculture, open pit mining, and construction.

A significant issue in this sector is whether GPS will be used for automatic guidance of
highway vehicles. Reliable, high-integrity decimeter accuracy would be essential for “intelli-
gent transportation systems” that would provide automatic guidance for individual vehicles.
In a 1997 report by Driscoll/Wolfe Marketing and Research Consulting, a series of focus
group studies were conducted to assess consumer interest in services such as emergency
notification, roadside assistance, stolen vehicle recovery, navigation assistance, real-time
traffic alerts, and mobile “yellow pages” Overall consumer interest was highest for location-
based emergency notification and stolen vehicle recovery. In contrast to earlier visions of
large-scale government investment in intelligent transport systems, car navigation in the
United States will likely evolve as a market-driven response to consumer desires for personal
safety and convenience.

Tracking

Tracking of everything from people to packages can be expected to grow in significance as
the price of tracking systems decline in parallel with the decline of electronic chip/board
prices. In contrast to vehicle navigation, tracking is a more passive function that is typically
conducted from a central fixed site. Tracking allows for more efficient management of a
total transportation system inventory of cargo and vehicles, as well as reduced losses due to
theft or accidents. Accuracy requirements vary depending on the specific application. In
some cases, reliable sub-meter accuracy is required for tracking and controlling vehicles for
collision avoidance (e.g., agriculture, construction, rail).

Examples include:

* The International Maritime Organization (IMO) has mandated GPS tracking for all of the
estimated 20,000 internationally-registered ships expected to be operating in 1999.

* The port authority of Singapore uses differential GPS to track every ship and cargo
container with relatively few people.

* The Queensland, Australia train system uses an automated GPS-based system to an-
nounce stops to onboard passengers and provide train locations to waiting passengers.

* In Guadalajara, Mexico, a local cement company increased its productivity and service
area by using GPS to better match changing construction site needs with the status and
location of its truck fleet.

GPS is being considered for new tracking applications such as enhanced 911 services for
mobile phone users. When dialing 911 from a fixed location, the address of the caller can be
easily identified. This is not the case for mobile phones, whether they are cellular or satel-
lite-based. As a result, emergency services have a more difficult time locating mobile 911
callers. Enhanced 911 service would address this problem, but doing so raises privacy
concerns such as the possibility of a mobile phone being tracked without the owner’s knowl-



edge. Experiments have already been conducted on using GPS to track persons on parole or
otherwise subject to other legal restrictions through tamper-resistant ankle bracelets. A key
problem for GPS, however, is the very limited ability of the signal to penetrate buildings.

Other communications links, such as FM radio waves, may provide a substitute carrier for
GPS-like signals in limited areas.

Public Safety

Public safety also is benefiting from GPS through better resource management and vehicle
dispatch of emergency service, and should continue to grow. GPS tracking and navigation
reduces response times and enables more efficient utilization of expensive vehicles used by
emergency services such as police, fire, and search and rescue. GPS can also be combined
with communications to coordinate the actions of multiple ground, sea, and air emergency
vehicles. Differential GPS systems can also be deployed to emergency locations to guide
individuals, such as firemen working inside a burning building.

The Federal Emergency Management Agency uses GPS-based geographic information
systems to inventory damage from natural disasters such as hurricanes, earthquakes, floods,
and tornadoes. The same information is then used to target relief services and monitor
reconstruction efforts.

Agriculture

Three areas which can be expected to see substantial technological evolution during 1998 to
2003 are agriculture, mining, and construction/civil engineering. The ability to apply centi-
meter accuracy to the guidance and control of machinery opens new opportunities for these
industries.

“Precision agriculture” is a term applied to a group of technologies, including GPS, that
enable more productive farming techniques. For example, the precise applications of chemi-
cals and fertilizer to fields can currently yield savings of $20-24 per acre while lowering
environmental impact of waste water runoff. To achieve this, however, GPS vehicle guid-
ance must be combined with geographic information systems that integrate yield monitoring
and mapping data, grid soil sampling, and crop production models. Education and training of
farmers and students is crucial to effective use of GPS in agriculture as well as strong after-
market support services.

Mining

Centimeter-level accuracy from differential GPS networks can be used for machine guidance
and control in open pit mines. GPS can be used to in real-time surveys for planning and
control of topographic and detail work. Precise knowledge of machine operations can be
used by a central facility to monitor production factors such as the amount of earth moved

and ore extracted. Precise machine positioning and tracking can enable unmanned, automatic
operation as well as unmanned operations in hazardous conditions (e.g., blasting). As with
agricultural machines, multiple technologies are needed in addition to GPS, but with the
common purpose of increase safety and productivity.
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There are also experimental efforts in the use of GPS signal “repeater networks” to enable
precise machine positioning and tracking in underground mines.

Construction/Civil Engineering

The first successful commercial sector was the use of GPS-based land surveys in construc-
tion and civil engineering. When the GPS constellation was only partially complete in the
1980s, surveyors could schedule survey times for times when a sufficient number of satellites
were available and in view. GPS was proven to enhance productivity 100-300% in allowing
smaller survey teams to more accurately cover wider areas in greater detail. As a result, the
cost of control survey point dropped from an average of $10,000 in 1986 to $250 in 1997 —
unadjusted for inflation. Accurate surveys enable safer, more effective construction tech-
niques. In Korea, GPS-based technology was used to install with centimeter precision the
pre-built center-arched 150-meter span of the Seo-Kang Grand Bridge. An earlier span,
incorrectly positioned, had failed and fallen into the river.

Survey equipment sales generated cash flow that enabled GPS firms to invest in R&D and
exploit advances in microelectronics and signal processing. This led to real-time measure-
ments at the sub-meter and then the centimeter level. With post-processing effort, consistent
measurements at the sub-centimeter level became possible. Such accuracy levels today allow
scientific users to use equipment descended from the first survey receivers to measure the
movement of tectonic plates. In both Southern California and Japan, large numbers of survey
receivers are linked together in large networks to monitor crustal motion in an effort to

provide earthquake warnings.

Survey equipment sales are expected to continue to be strong for 1998-2003, but declining in
size relative to the overall GPS market as newer GPS applications grow.

Marine Survey

As on land, GPS enables lower cost, accurate survey at sea. Accurate coastal and harbor
measurements are needed around the world to support dredging operations and other activi-
ties necessary for safe ship handling in port. In the case of marine survey, however, opera-
tions are more difficult to achieve as a fixed survey network may be difficult or impossible to
install. An example of marine survey is the work of HMNZ Ship Monowai. This ship used
GPS to re-survey parts of the New Zealand coast to update navigational charts initially
produced by the Royal Navy in the 19th century. GPS coastal and harbor surveys provided
better than three-meter accuracies, and deep-water surveys were accurate to approximately
15 meters.

The precise positioning of large mobile structures, such as oil rigs, and fixed objects, such as
undersea cables, led to further requirements for centimeter accuracy without a DGPS net-
work. This was accomplished with new generation of real-time kinematic GPS equipment.
(A brief technical description of various GPS techniques and augmentations is given in the
following section.) Marine survey using GPS is integral to all modern off-shore oil explora-
tion, installation of international fiber optic cables, oil spill containment and cleanup, mine
removal, etc. Demand for GPS-based marine services is expected to remain strong over the



next five years, despite the current softening of world olil prices.

Timing

The most fundamental information provided by the GPS signal is precise time. It is from
precise timing that all other information, such a location, velocity, and navigation are de-
rived. Precise time has commercial, as well as scientific applications. It is used to synchro-
nize wired networks such as telephones, video conferences, the Internet, local computer
networks and long distance power grids. It is also used to synchronize wireless communica-
tion networks such as digital paging, cellular telephones, some types of mobile satellite
services. Precise time stamps are used in managing data flows for international financial
transactions, and power line fault detection. While these “fixed-installation” systems may
have internal atomic clocks, GPS time signals constitute a low-cost, accurate primary refer-
ence source.

The direct market for specialized GPS timing equipment is relatively small. Yet the eco-
nomic importance of precision timing to the entire global information infrastructure is huge.
Without the free GPS signal, wired networks could fall back on internal atomic clocks, but
that option is not likely to be practical for handheld wireless communications. As market
demand for high bandwidth applications continues to grow, e.g., mobile Internet access or
wireless video conferences, precision time signals from GPS will be increasingly necessary.

The increased functionality of information infrastructure, (i.e. savings resulting from avoid-
ing power grid instability, and securing data stream stability in financial transactions),both
enabled by GPS, are not easily accounted for in the economic value of GPS to the world
economy. Thus, as pointed out earlier, deriving figures to accurately reflect direct revenue
from GPS goods and services is likely to underestimate of the economic significance of this
information technology. The next section discusses the most significant trends in the current
evolution of GPS technology.

GPS Technology Evolution

Today, a typical GPS receiver consists of three major parts: a 1.5 GHz radio frequency (RF)
receiver, a specialized baseband chip, and a general purpose processor. The baseband chip
extracts the GPS signal’s time stamp and a low-bit data stream which contains ephemeris
data on each satellite. The time stamp allows the receiver to calculate the difference in flight
times (using the speed of light as a constant) for signals coming from several different satel-
lites. Finally, the general purpose processor assembles ephemeris data from the data stream,
identifies the satellites being received, and computes the position of the receiver. The proces-
sor also typically controls system interfaces such as keypads and displays, performs power
management, and other chores.

Given position data, the processor can calculate the derivative of the position information as
it changes over time to compute the velocity of the GPS receiver. This information can then
be merged with stored mapping data to display navigation information. Combined with other
information inputs, such as inertial navigation and other communication channels, it will
create a system that is more accurate and resistant to interruptions of the GPS signal. Of
course, each of these combinations adds to the weight, cost, and complexity of the GPS
receiver.
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It is possible to integrate the baseband chip and general purpose processor into a single unit.
Integrating the first RF stage with the digital electronics is more difficult. If a system has
computing power to spare, GPS capability could be achieved by adding the RF front end to a
fairly sophisticated digital signal processing (DSP) chip. RF front ends are not typically
power efficient, however, and power consumption results in relatively short battery life and,
in some applications, heat rejection problems.

The GPS signals at 1.5 GHz signals are weak, attenuated by moisture, do not travel far
through forest canopy or glass, and can be blocked by buildings or rough terrain. In urban
environments, the signals reflections from buildings can result in “multipath” effects where

the GPS receiver has difficulty in picking out direct GPS signals from delayed reflections.
After signal processing, antenna design is a key technology issue for GPS equipment. Anten-
nas not only have to reliably and quickly acquire weak signals, but as GPS becomes increas-
ingly embedded in other systems, the antenna must be kept small and unobtrusive.

Continuing software developments that maximize understanding of GPS signal characteris-
tics, and embed them in microprocessor chips, are a major driver of GPS technology ad-
vances. For example, military GPS receivers currently have full access to two GPS signals,
the L1 and L2, while civilian receivers have full access to only the L1. Some sophisticated
civilian receivers are dual-frequency in that they can track the characteristics of the L2 signal
without access to the military P-code. This enables these receivers to almost fully correct for
the effects of ionospheric distortion just as the military receivers do.

Today, there are almost a thousand published patents on GPS worldwide. U.S. and Japanese
companies are the leaders, with U.S. patents tending to be more “fundamental” given the
early U.S. position in the technology. The rise in U.S. patents began about the same time as
government R&D spending for GPS user equipment began a long-term decline. It is difficult
to say whether the decline in government R&D spending “caused” the rise in commercial
patents, or if the decline was the result of a strong commercial industry willing to conduct

R&D that the government could no longer afford. Nonetheless, the U.S. commercial technol-
ogy position as measured by patents does not appear to depend on continued government
investment in user equipment R&D. Ironically, U.S. government patents on GPS were not
registered internationally and thus their commercial value has been zero.

Overall, there are two major technological trends that have driven new GPS applications.
The first is a continuous 30% per year decline in the cost (tending towards zero), power, and
size of the electronics hardware necessary to exploit GPS signals. In 1983, the first commer-
cial receivers cost over $150,000 and weighed over a hundred pounds. The next year a
portable receiver was introduced that weighed only 40 pounds and cost $40,000. In 1998, a
consumer handheld receiver costs $100 and weighs less than 12 ounces.

Figure 7 provided by the USGIC, shows the size, power consumption, and cost of basic GPS
“engines” declining with time. Similar curves can be drawn for personal computers and
telecommunications equipment. These curves are not unusual for information technologies,



Figure 7

especially those in which microprocessor design and signal processing are critical. U.S. firms
typically price GPS business and professional products as a percentage of the user’s produc-
tivity gains. Such gains are determined by return on investment data that are known within 6
- 12 months of product deployment. As a result, user demand is driving product evolution
with product cycles of 12 - 18 months,which also is typical of an information technology.

The second trend is the increasing contribution of embedded software to the user application.
The ultimate value of GPS to the user is in the application of the information which is largely
recovered from the GPS signal by software. GPS hardware is shrinking and disappearing as
it becomes integrated into the silicon structure that encompasses communications and com-
putation. In commercial markets, the increased software content is the fundamental driver
for productivity increases and therefore acts to stabilize unit prices. In the consumer markets,
the software is less of a cost factor and the traditional erosion of hardware prices is reducing
the price at retail levels.

There has been increasing press attention to what has been called the “Year 2000 problem” or
“Y2K” for all software-driven systems and products. In order to save memory, early soft-

ware developers often ignored the first two digits in counting years. Thus 1980 was treated

as “80". In the year 2000, however, “00” may be mistaken for “1900.” Potential problems
arising from this mistake have generated a major domestic and international effort to fix
millions of lines of software.
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The GPS Joint Program Office conducted a review of the software controlling the GPS
constellation and problems were found and are being fixed. An additional consideration for
GPS is that it has a unique date management scheme in which “rollover” does not occur at
the same time as a standard calendar. GPS time is based on epochs of 1024 GPS weeks and
the GPS week rolls over from week 1024 to week 0001. This will occur at 0000 hours UTC
(universal time) on August 21-22, 1999. An improper account of the first epoch could cause
an invalid GPS time stantp.

Current U.S. GPS manufacturer software appears to be Y2K resistant, but this cannot be
guaranteed for all manufacturers in the world. The rapid pace of technical evolution in GPS
may be mitigating the problem as systems with older software are being abandoned rapidly.
Y2K may also be problem for older commercial software systems in which GPS is embedded
or “legacy” government systems which cannot be replaced and must be fixed.

GPS Augmentations

In many situations, the basic GPS signal does not meet user requirements. As a result, a wide
variety of GPS augmentations have been developed that build on the basic GPS signal.

These augmentations can provide better real-time accuracy, integrity monitoring, better
availability, and more robust signal corrections. The area of operation for these augmenta-
tions can vary widely, from a local building site with a portable ground-based system, to

most of a hemisphere with a space-based system.

Augmentations may also be needed to compensate for unusual operating locations. GPS
does not work inside buildings, underground, or underwater since the signal does not pen-
etrate well. The need for position location in such environments has led to the use of repeater
networks and other augmentations. GPS signals have been exploited for operations under-
ground and on the ocean floor. Engineers have developed “smart” buildings in which an
external GPS antenna is combined with an internal radio network to allow position location
and navigation indoors.

Local Differential Stations

Local differential systems monitor the GPS signals and develop integrity and differential
correction information for broadcast to receivers in a local area of at most a few hundred
kilometers. Each station consists of one or more monitoring receivers, a central processor
where the broadcast information is developed, and a radio transmitter. The central processor
processes the monitor measurement data, develops differential corrections and integrity
parameters, and codes the messages for the radio broadcast. By applying the corrections
obtained from the broadcast, mobile receivers can obtain meter-level accuracy. The types of
radio broadcasts include FM subcarrier transmission, VHF and UHF data links and data
broadcasts.

Radiobeacon Networks

Radiobeacon networks are now deployed worldwide to broadcast differential corrections
using medium frequency signals that propagate by ground waves. They are deployed prima-
rily to support harbor and harbor entrance marine navigation in close quarters. These net-
works typically cover the nations’ coastal waters, but since the broadcast signals are received



several hundred kilometers inland as well, they are used extensively by land vehicles, includ-
ing highway vehicles, agricultural vehicles, and geographic information systems.

Commercial Differential GPS Networks

There are a number of commercial networks around the world that operate in a similar
manner to the government-constructed Satellite Based Augmentation Systems (such as the
Federal Aviation Administration’s proposed Wide Area Augmentation System or WAAS).
These include OmniStar, owned and operated by Fugaro, and LandStar and SkyFix, operated
by Racal. These are regional systems which are permanently in place in the Gulf of Mexico,
the North Sea, and the China Sea respectively. This type of system can be deployed within a
few weeks in other areas of opportunity throughout the world. While these networks prima-
rily serve the oil exploration market, e.g., seismic surveying, they are also used for agricul-
tural and other vehicle navigation, and for vehicle guidance applications.

Local Area Kinematic Broadcast Systems

Local differential stations can also function as broadcast stations to support real-time kine-
matic applications such as dredging and precision agriculture, where decimeter accuracy
guidance is required in a situation where the GPS receiver is in motion. Local area kinematic
stations broadcast carrier phase and code phase measurements for both L1 and L2 frequen-
cies, and perform reference measurements at the ground stations. The mobile receiver then
processes these measurements by differencing them against its own measurements. Two-
frequency codeless cross-correlation processing of the P-code signals is essential to quickly
resolving what are called carrier phase integer ambiguities, e.g., in one or two minutes. Once
the ambiguities are resolved, processing of the differenced measurements yields a relative
vector estimate between the mobile and kinematic station antennas which is accurate to under
a decimeter. Recently developed techniques make it possible for the mobile receiver to
resolve the ambiguities quickly, even when it is in motion, thus providing extremely accurate
positioning and navigation to mobile receivers in real-time.
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Section Il - Market Opportunities and Risks

This section briefly discusses the opportunities and potential risks to the growth of GPS
applications in global markets.

Opportunities
Due to the variety of GPS applications (see Tablel Introduction), it is likely that entirely new

GPS Business Growth Rates
1998-2003

|OEMRSurvey/Mapping/GIS BAviation [Marine} Militar

2003
2002
2001
2000
1999
1998
Growth GIS - Graphical Information systems
High -2 greater than 25% OEM - Original Equipment Manufacturer
High -1 20% to 25%
Intermediate -O% t020%
Low 0% to 10%
Table 4

innovative applications of GPS will continue to be added to the list of business opportunities
for those seeking to make GPS a part of their product or to offer a new GPS software or
hardware based product. Table 4 ,offers a qualitative look at where the fastest growing
markets are expected in the period 1998 through 2003. If the past decade is any guide, it is
likely that more applications will emerge which will increase opportunities for market par-
ticipation.

» Car navigation devices are expected to show continued rapid growth for the next few
years, eventually slowing as the market saturates.

* OEM markets will continue to show steady growth, but declining prices for chips will put
pressure on manufacturing profit margins.

* The survey and mapping market is relatively mature in developed countries. Growth
opportunities primarily will be in developing countries, particularly Asia.

» Consumer and tracking applications will show strong growth, with better profit margins
in the software-intensive tracking and machine control segments.



* The aviation market is relatively small, but it should experience rapid growth as interna-
tional air traffic management systems shift to GPS-based augmentation around 2001.

*The timing market is small, but crucial to many other types of information infrastructure
and should see slow, but steady growth as high-bandwidth, mobile communications
become more common.

Location of GPS Firms -1997

Asia-Pacific
4%

Europe
16%

Other
1%

North America
79%

Figure 8

The cost of the basic GPS chipset has continued to decline steadily, leading to the relatively
thin profit margins found in other areas of high-volume consumer electronics. High-margin
GPS products tend to be those with specialized software content or where GPS provides
crucial functionality to a high margin product or service. For example, a $65 chip set pro-
vided by a GPS OEM may be the core of a $600 car navigation device that pays for itself in
saved time and driver convenience. Relatively few firms compete to provide the core GPS
technology, but a large number of firms provide GPS-enhanced products, and an even larger
number compete using GPS-based advantages.

Not surprisingly, U.S. firms were the first to experiment with commercial applications of
GPS. They were soon followed by firms in Japan and Europe. Figure 8, above, shows the
location of the GPS firms listed in ti&PS Worlddatabase. The largest number of firms

were located in the United States and Canada (North America), as might be expected for a
U.S.-based, English language publication. The second largest number of firms were located
in Europe. There were a smaller number of firms located in the Asia-Pacific region, prima-
rily in Japan. The number of firms shown is quite a bit less than the number of members in
the Japan GPS Council (which includes over 80 firms). The reason is that the Japan council
includes firms that use and depend on GPS, as well as suppliers of GPS products and ser-
vices. Appendix A includes a listing of Japan council members, which includes firms en-
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gaged in automobile manufacturing, consumer electronics, banking, railroads, air transporta-
tion, commercial fishing, etc.

Aside from the diversity of firms interested in GPS, the structure of the industry shows that
the basic technology required to exploit civil GPS signals is widespread and not limited to
the United States. Furthermore, the ability to compete in GPS markets does not require
participation in building the GPS satellites themselves, as exemplified by Japan’s experience
but also by the number of non-aerospace companies in the market. Many countries have
built local area DGPS networks and Japan, Europe, and the United States are building wide-
area DGPS networks for international aviation. Interestingly, the European firms of RACAL
and Fugro already supply wide-area DGPS signals bundled with communication services in
many parts of the world; largely for maritime and oil exploration purposes.

Often it is difficult to see the direct connection between applications of technologies for
government sponsored programs and the development of commercial businesses using the
same technology. GPS is a clear example of one-to-one application of the same technology
to both public needs and commercial enterprise. However, the business applications of the
GPS signal extend considerably beyond government programs as a result of the robust
commercial markets discussed in the previous two sections. The circumstances that shaped
GPS for defense needs, e.g., worldwide broadcast and no limit on the number of possible
users, also created the opportunity to share the signal internationally and without cost.

Opportunities in Emerging Capabilities

The view was expressed in survey responses that there is a pervasive need for GPS signals in
a wide variety of infrastructure applications. This view also was embodied in language
adopted by the Congress as part of the FY 98 defense authorization (PL 105-85) which stated
that “The (GPS) ... makes significant contributions to the attainment of the national security
and foreign policy goals of the United States, the safety and efficiency of international
transportation, and the economic growth, trade, and productivity of the United States.”

The latest market opportunity stemming from emerging infrastructure application of GPS is
the deployment of the Nationwide Differential GPS (NDGPS) in the United States. The
NDGPS has been proposed by the Department of Transportation as a low cost means of
providing nationwide access to public safety benefits of the U.S. Coast Guard’s Maritime
Radiobeacon System which, at the present time, only covers one-third of the nation. As
currently constructed, the Coast Guard system uses low cost equipment to receive the basic
navigation information from GPS satellites and transmits differentially corrected navigation
signals via Coast Guard radiobeacons to maritime users.

The NDGPS involves extending the Coast Guard radiobeacon system inland via civilian use
of a deactivated military infrastructure known as the Ground Wave Emergency Network
(GWEN) towers. These towers provide a platform for Coast Guard equipment to transmit
differentially-corrected navigation information for a wide variety of safety-of-life applica-

tions including positive train control, emergency 911 response, search and rescue, and disas-
ter management applications. User equipment and services would be supplied by competing
commercial firms. This is a good example of public-private synergies in which the former

has a unique role in creating infrastructure which expands the usefulness of GPS and thus



provides additional safety and financial benefits to federal, state and local governments, as
well as the general public.

The continued evolution of GPS to include a second and third civil frequency as well as the
elimination of peacetime use of Selective Availability have the potential to increase commer-
cial GPS sales. The addition of new civil frequencies will benefit international navigation
actions while the elimination of SA will most obviously benefit consumer and recreational
users. Ironically, these improvements to GPS itself will likely reduce some of the competi-
tive advantages now held by U.S. GPS firms while leveling the field for international com-
petitors. This is due to the fact that U.S. manufacturers have developed and marketed sophis-
ticated GPS equipment and software that provide most of the benefits of a second civil
frequency already. The value of this investment will be reduced if a second civil frequency is
available to anyone. DGPS equipment and software are already capable of removing much
of the effect of SA, but at price points above that of typical consumer markets. The removal
of SA will slightly reduce some of the need for DGPS, particularly in price-sensitive recre-
ational markets. However, predominant commercial requirements are such that DGPS
accuracies (e.g., submeter and centimeter levels) will still be needed even after SA is turned
to zero.

The growth of commercial satellite communications and the growth of GPS applications has
led some to speculate that GPS itself could be a commercial activity with the government as
a relatively small but important customer. Such speculation overlooks some of the key
differences between GPS and satellite communications in areas such as pricing and liability.
For example, its would be virtually impossible to assess user charges on the current installed
base of GPS users unless government tax powers were used. This would impose an unequal
burden on U.S. versus foreign GPS users and slow the adoption of GPS as a global standard.
Since GPS is used for public safety functions, a private operator would likely require govern-
ment liability protections. Finally, DoD involvement is seen by GPS firms as a crucial

“badge of quality” which supports customer confidence in GPS goods and services world-
wide. The required combination of tax powers, liability shields, and market confidence

makes it difficult to imagine how the government could actually reduce its current steward-
ship role except by abandoning GPS entirely.

While there are commercial opportunities in supplying DGPS products and services, there
does not appear to be a business case for supplying the basic GPS signal. Based on informal
discussions with representatives of the investment community, it is highly unlikely that the
private sector could have secured the non-recurring investment to build such a system, let
alone build a credible business model for generating a profitable venture. Aside from a
continuing government interest in GPS for national security and public safety reasons, the
system itself meets the classic definition of a public good.

Managing Government Risks

The predominant market risks to the growth of GPS applications are those found in any
commercially-driven information technology. In the case of GPS, there is not a single market,
but many different markets at various levels - OEMs, integrators, value-added resellers, etc.
Firms have to understand customer needs and develop competitive solutions to their prob-
lems. Each market segment will have its own unique risks and applicable business models.
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The most difficult market risks are not financial or technical, however, but those which are
uncertain and for which it is difficult to prepare alternative business strategies. Examples of
these types of risks are changing government regulations and international trade agreements.

There is inherant political risk from domestic and international governmental actions for
GPS. Since GPS application markets are overwhelmingly commercial, and not driven by
government procurements, the primary political risk comes from government regulations,
taxes, and potential restrictions to GPS use. The U.S. government has relatively few regula-
tions specific to GPS. One of the most obvious are export controls on military GPS receiv-
ers. A military GPS receiver is defined as one which is capable of providing navigation
information at speeds in excess of 1000 nautical miles per hour and at altitudes in excess of
60,000 feet (e.g., as with ballistic missiles), has a “null steering” antenna to overcome jam-
ming, or which has an encryption device such as the kind needed to access the GPS P-code.
Civilian receivers are classed as “general destination” items and face few, if any, U.S. export
restrictions.

Some countries impose special taxes or restrictions on GPS equipment in addition to import
tariffs typical for other types of electronic equipment. Germany, for example, used to require
the registration of GPS receivers and the payment of a monthly fee to the national phone
system. Other countries, such as Saudi Arabia, limit the ownership of GPS receivers to
members of the royal family or persons conducting official business. Similarly, China re-
stricts the operation of GPS receivers in Tibet to those on official business. Some countries
bar or limit the movement of GPS-equipped vehicles. Commercial trucks using GPS as a
navigation tool are often stopped at the borders of Russia and Bulgaria. The concern seems
to be that such vehicles could collect precise location information that may be militarily
sensitive. In 1997, a U.S. engineer was detained in Russia in the course of using GPS survey-
ing equipment to locate sites for cellular phone towers. In part, this was due to Russian law
which categorizes geodetic information with better than 30 meter accuracy as sensitive and
controlled. This does not necessarily represent a regulatory issue with the GPS equipment
itself, but with the information created by the equipment.

Finally, regulatory restrictions can limit the use of GPS for certain purposes. The use of GPS
for safety of life purposes, such as international navigation, require certifications by compe-
tent national and international safety bodies (e.g., the Federal Aviation Administration and the
International Civil Aviation Organization, respectively). The use of certain GPS techniques
may be subject to local legal restrictions. For example, real-time kinematic GPS is a tech-
nique which allows the acquisition of very precise (sub-meter) location data while moving.
Originating in the United States, this technique has greatly increased the productivity of land
surveys worldwide. Lack of appropriate government regulations for this technique has,
however, hindered its acceptance in the case of Japanese cadastral land surveys. Such sur-
veys define official land boundaries and thus are quite important legally. The Japanese
government is currently conducting RTK field tests in cooperation with U.S. and Japanese
firms to support new regulations that will enable the legal acceptance of GPS RTK-generated
survey data.

The United States and Europe have negotiated a Mutual Recognition Arrangement (MRA) to
facilitate trade in information technology goods such as computers and telecommunications



equipment. A similar model agreement has been developed within APEC (Asia Pacific Economic
Cooperation) for the Asia-Pacific region, with bilateral negotiation of it specific implementation
clauses. Such agreements enable participating countries to recognize member’s conformity assess-
ment procedures, including testing and certifications, and therefore minimize the number of techni-
cal and administrative trade regulations. The inclusion of GPS in MRAs would facilitate exports of
GPS receivers from one market to another and aid in the removal any non-tariff barriers. Likewise,
industry is hopeful that Information Technology Agreements can successfully establish zero tariffs
on all information technology products, including GPS receivers and related equipment.

The most serious threat to GPS applications would be interference with the clear reception of the
GPS signal itself. The spectrum used by GPS signals is allocated through an international organiza-
tion, the International Telecommunications Union (ITU). Every two years, the ITU holds a World
Radiocommunications Conference to consider proposals to modify existing spectrum allocation and
make new allocations of the limited resource that is the electromagnetic spectrum. At the 1997
conference (WRC-97), the radionavigation spectrum was threatened by an unprecedented effort to
overlay commercial mobile satellite services on the safety-of-life GPS signal. WRC-97 produced a
call for technical studies on the issue of whether the GPS signal could co-exist with a commercial
application. Public and private sector users of GPS for public safety, commercial, and national
security purposes see the need to assure GPS spectrum protection at the next conference in 2000.

In addition to the spectrum required for the basic GPS signal, the transmission of differential correc-
tions also requires spectrum. DGPS signals are transmitted on a wide variety of frequencies depend-
ing on the particular area of operation, local licensing regulations, and what service area is desired.
Some industry members have called for international efforts to harmonize the spectrum allocations
available for DGPS communications in order to promote interoperability and gain economies of

scale in addressable markets. Given intense competition for usable spectrum worldwide, however,
such discussions are likely to be very difficult without government-to-government initiatives.

Areas Where Governments Can Help or Hurt

As with many other areas of information technology, such as computers, the government played a
crucial role in the initial research and development that led to the first working GPS receivers.
Today, however, the military receiver market is a relatively small portion of overall product sales,
and new GPS products and services are being driven by purely commercial market forces. GPS-
based positioning and navigation are being blended with mobile communications services, currently
cellular and, in the future, mobile satellite services. Users of GPS tend to become reliant on it for
commercial as well as safety of life purposes and expect 24 hour per day, 7 day a week availability.
Accuracy is addictive as well with consumer expectations that accuracy will never decrease and will
hopefully increase in the future.

Early on in the development of GPS, the government committed itself to encouraging non-defense
uses of the system, such as international aviation safety. The technical nature of GPS signals (one-
way broadcast) and the need to have an easily acquired signal (i.e., the C/A code) led, in part, to the
decision not to impose direct user fees or other types of specific taxes on the system. Another
consideration was that taxes would have slowed the adoption of the new technology by non-govern-
ment users and undermined the promotion of intended public safety benefits. Indirect fees, such as
the use of ticket and fuel taxes, would be allowed for GPS augmentations that benefited specific
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groups of users. This approach, similar to the practice of giving away some types of computer

software, resulted in the rapid establishment of GPS as a worldwide utility. The open and free access
to the GPS signal enabled entrepreneurs to generate applications based on the precise time stamp and
accurate position/navigation attributes of GPS.

The current role of government in global competition for GPS-related sales is relatively limited;
largely involving regulatory matters such as certification of GPS in safety-of-life applications and
export controls on military-grade GPS equipment. In terms of promoting the growth of commercial
GPS markets, the most important U.S. government actions are those which enhance international
confidence in the stability, reliability, and integrity of the basic GPS signal. This can take various
forms, from obvious measures such as stable funding and careful technical management of the GPS
constellation to more subtle factors such as protecting the international spectrum allocation for GPS
and balancing military, civil, and commercial interests in creating enhancements and augmentations
to the basic GPS signal.

In the short term, the most immediately achievable commercial opportunity for government action
would be to facilitate international trade in GPS equipment and services through Mutual Recognition
Arrangements and inclusion of GPS in Information Technology Agreements. It was clear from the
survey that industry is keenly interested in making processes such as equipment certification, inter-
national sales clearance and other export procedures as simple as possible. More effort on the part of
government and industry to reduce the time to completion of these transactions will aid in the expan-
sion of commercial GPS markets. It would also help if, for economic statistical purposes, GPS
products could have a more specific Standard Industrial Classification. At present, GPS is covered

by (SIC) 3829:Measuring and Controlling Devices, Not Elsewhere Classified

In the long-term, public and private investment decisions in GPS will depend on perceptions of U.S.
capability and competence to manage a dual-use, global information utility. There are various
indicators that international observers might look for and it is difficult to predict which will be
dominant at any particular time. From discussion to date, the ability of the United States to gain
international support for protecting the GPS spectrum allocation within the ITU is the most impor-
tant long-term indicator. Closely coupled with the spectrum allocation is the demonstration of U.S.
commitment to evolving and modernizing GPS to meet increasingly sophisticated user needs —
especially in the area of public safety, followed by military and scientific needs. Since commercial
forces are already driving user equipment, there appear to be no purely commercial requirements for
changes to the basic GPS signal and constellation.

In addition to spectrum and trade concerns, industry is also looking to government to create the
regional agreements called for in the 1996 Presidential Decision Directive on GPS and law (e.g., P.L.
105-85). The U.S. State Department is currently holding discussions with Japan, Europe and Russia
to establish a framework for promoting acceptance of GPS as an international standard and address-
ing related economic, security, legal, and political issues that may arise. One international concern is
the desire for independent integrity monitoring of the GPS signal to ensure it is safe to use or that
warnings are given if it is not. Another concern is the need for government leadership in establishing
standard requirement definitions to facilitate multi-modal development and certification of interna-
tional transportation systems using GPS. This is especially true in the case of international aviation
and maritime GPS applications in which the United States already has a leadership role.
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Continued DoD leadership of GPS, while a political issue for some foreign governments, appears to
be necessary to maintaining international market confidence in GPS. Thus an important long-term
policy requirement will be the protection of national security equities in a system that is increasingly
known by its non-military applications. GPS is a rapidly growing information technology that can

be aided or hurt, but not entirely controlled by government actions. Its continuing, rapid commercial
penetration into a wide variety of infrastructures means that the market survey done here is at best a
conservative estimate of the global economic significance of this dual-use technology.
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Appendix A - Commercial GPS Suppliers

The listing of GPS-related companies organizations largely derived from the GPS World magazine
database and used with permission. In addition, we have included a listing of the members of the
Japan GPS Council, which includes not only GPS businesses, but firms which use GPS in their daily
operations.

Industry Associations

F. Michael Swiek

Executive Director

U.S. GPS Industry Council
1100 Connecticut Avenue, NW
Suite 520

Washington, DC 20036

Hiroshi Nishiguchi
Secretary General
Japan GPS Council
3-24-11 Yushima,
Bunkyo-Ku

Tokyo, JAPAN 113

Per A. Larsson

Secretary

Scandinavian GNSS Industry Council
Orbit Communications

Post Box 22114

SE-104 22 Stockholm

Sweden
GPS Companies
Absolute Time Corporation Adveto AB
800 Charcot Avenue Suite 110 Box 3371
San Jose, CA 95131 Spanga S-163 59
Phone: (408) 383-1515 SWEDEN

Phone: +46 8 36 69 05
Fax: +46 8 36 18 85
E-mail: datanav@adveto.se

Fax: (408) 383-0706
E-mail: info@absolutetime.com

Adept Computer Solutions, Inc

10951 Sorrento Valley Road, Suite 1G
San Diego, CA 92121

Phone: (619) 597-1776

Fax: (619) 597-1774

E-mail: pmorettini@electriciti.com

Aero Antenna Technology
20542 Plummer Street
Chatsworth, CA 91311
Phone: (818) 993-3842
Fax: (818) 993-4525

Advanced Research Corporation Aerodata Flugmesstechnik GmbH
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8195 Spire Court

Colorado Springs, CO 80919
Phone: (719) 593-8191

Fax: (719) 593-0466

E-mail: lavrakas@rmii.com

Hermann-Blenk-Strasse 36
Braunschweig D-38108
GERMANY

Phone: +49 531 2359 119
Fax: +49 531 2359 158



E-mail: breuer@aerodata.de

Ag Leader Technology
1203-A Airport Road
PO Box 2348

Ames, IA 50010
Phone: (515) 232-5363
Fax: (515) 232-3595
E-mail: @agleader.com

Ag-Chem Equipment Co, Inc
5720 Smetana Drive
Minnetonka, MN 55343
Phone: (612) 933-9006

Fax: (612) 933-7432

E-mail: info@agchem.com

ALK Associates, Inc
1000 Herrontown Road
Princeton, NJ 08540
Phone: (609) 683-0220
Fax: (609) 252-8108
E-mail: sales@alk.com

Allen Osborne Associates, Inc
756 Lakefield Road

Westlake Village, CA 91361-2624
Phone: (805) 495-8420

Fax: (805) 373-6067

E-mail: aoa@netcom.com

AlliedSignal Inc, Commercial Avionics Systems
400 North Rogers Road, Mail Drop 19

Olathe, KS 66062

Phone: (913) 782-0400

Fax: (913) 791-1302

Allis Communications Company Ltd

10-3 FI, No 31-1, Lane 169, Kang Ning Street
Hsi-Chih Cheng

Taipei Hsien

TAIWAN

Phone: +886 2 695 2378

Fax: +886 2 695 7078

E-mail: alliscom@ms3.hinet.net

Allnav GmbH
Obstgartenstrasse 7
Zirich CH-8035
SWITZERLAND
Phone: +41 1 363-4137
Fax: +41 1 363-0622
E-mail: allnav@terra.ch

American GNC Corporation
9131 Mason Avenue

Chatsworth, CA 91311

Phone: (818) 407-0092

Fax: (818) 407-0093

E-mail: marketing@americangnc.com

American Technologies

460 Cedar Street

Fond du Lac, WI 54935
Phone: (414) 922-7030

Fax: (414) 922-7011

E-mail: amtech@landnet.com

Ames Maps LLC/Ames Research Laboratories
1895 16th Street SE

Salem, OR 97302

Phone: (503) 588-7000

Fax: (503) 588-7182

E-mail: amesmaps@cyberhighway.net

Andren Software Co

906 South Ramona Avenue
Indialantic, FL 32903

Phone: (407) 725-4115

E-mail: candren@metrolink.net

Andrew Corporation

10500 West 153rd Street

Orland Park, IL 60462

Phone: (708) 349-3300

Fax: (708) 873-8282

E-mail: sid.bennett@andrew.com

Applanix Corporation

550 Alden Road, Unit 211
Markham, Ontario L3R 6A8
CANADA

Phone: (905) 475-2221
Fax: (905) 475-2965
E-mail: info@applanix.com

Applied Engineering Products
PO Box 510

New Haven, CT 06513
Phone: (203) 776-2813

Fax: (203) 776-8294

Aquila Mining Systems Limited
1030 St. Alexandre

Suite 500

Montreal, Quebec H2Z 1P3
CANADA

Phone: (514) 874-9917

Fax: (514) 874-4005

E-mail: marketing@aquilamsl.com

ARNAV Systems Inc
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PO Box 73730
Puyallup, WA 98373
Phone: (206) 848-6060
Fax: (206) 848-3555
E-mail: arnav@aol.com

Aromat Corp/Matsushita

300 North Sepulveda Boulevard, Suite 1010

El Segundo, CA 90245
Phone: (310) 524-9862

Fax: (310) 524-9870

E-mail: gps4you@aromat.com

Asahi Precision Co, Ltd

1-1-21 Shirako, Wako-Shi

Saitama-Ken 351-01

JAPAN

Phone: +81 48-461-5377

Fax: +81 48-466-3979

E-mail: 101256.3374@compuserve.com

Ashtech Agricultural Division
90 West Central Avenue
Belgrade, MT 59714

Phone: (406) 388-1993

Fax: (406) 388-1883

Ashtech Inc

1170 Kifer Road
Sunnyvale, CA 94086
Phone: (408) 524-1400
Fax: (408) 524-1500
E-mail: sales@ashtech.com

ASM

800 Oak Crest Lane
Georgetown, TX 78628-2624
Phone: (512) 863-0994

Fax: (512) 863-0994-5*
E-mail: keith.peshak@gtwy.net

Associates in Rural Development, Inc
110 Main Street

PO Box 1397

Burlington, VT 05402

Phone: (802) 658-3890

Fax: (802) 658-4247

E-mail: ard@ardinc.com

Atlantic Aerospace Electronics Corporation/Antenna

Systems Group

6404 lvy Lane, MS-300
Greenbelt, MD 20770

Phone: (301) 982-5264

Fax: (301) 982-5278

E-mail: humen@dc.aaec.com

Austron Inc

PO Box 14766

Austin, TX 78761-4766
Phone: (512) 251-2341
Fax: (512) 251-9685

Avel-Tech Inc

1685 Fleetwood Street, 5th Floor
Laval, Québec H7N 4B2
CANADA

Phone: (514) 668-2835

Fax: (514) 668-6644

E-mail: b-angus@aveltech.ca

Baymont

Technologies, Inc

14100 58th Street North
Clearwater, FL 33760
Phone: (813) 539-1661
Fax: (813) 539-1749
E-mail: info@baymont.com

Berkeley Varitronics Systems, Inc
Liberty Corporate Park

255 Liberty Street

Metuchen, NJ 08840

Phone: (908) 548-3737

Fax: (908) 548-3404

E-mail: info@bvsystems.com

Berntsen

International, Inc

PO Box 8670

Madison, WI 53708-8670
Phone: (800) 356-7388
Fax: 608-249-9794
E-mail: surveymark@berntsen.com

Best-Fit Computing

17490 NW Woodmere Court
Beaverton, OR 97006
Phone: (503) 531-8819

Fax: (503) 531-8709

E-mail: bestfit@teleport.com

BFGoodrich Aerospace, Jc Air Test Systems Division

400 New Century Parkway
New Century, KS 66031
Phone: (913) 324-3150
Fax: (913) 782-5104

E-mail: herl@kc.tsd.bfg.com

Blue Marble Geographics
261 Water Street
Gardiner, ME 04345
Phone: (207) 582-6747
Fax: (207) 582-7001



E-mail: geoinfo@bluemarblegeo.com

Boxcar

De Zeis 7

Apeldoorn NL7335 KE
THE NETHERLANDS
Phone: +31 55 5337623
Fax: +31 55 5337623
E-mail: rey@worldaccess.nl

Canadian GPS Associates

PO Box 3184

Postal Station B

Fredericton, New Brunswick E3A 5G9
CANADA

Phone: (506) 459-1615

Fax: (506) 454-0352

E-mail: lang@unb.ca

Canadian Marconi Company

600 Dr Frederik

Philips Boulevard

Ville St-Laurent, Québec H4M 2S9
CANADA

Phone: (514) 748-3070

Fax: (514) 748-3017

E-mail: hpellerin@mtl.marconi.ca

C&G Software

Systems, Inc

7094 Peachtree Ind. Boulevard, Suite 352
Norcross, GA 30071

Phone: (770) 446-0026

Fax: (770) 447-0530

CAST Inc (Computing Applications Software
Technology Inc)

900 Technology Park Drive

Billerica, MA 01821

Phone: (508) 667-8720

Fax: (508) 670-1883

Centennial Technologies

37 Manning Road

Billerica, MA 01821

Phone: (508) 670-0646
Fax: (508) 670-9025
E-mail: edh@cent-tech.com

Chicago Map Corporation
15419 127th Street

Lemont, IL 60439

Phone: (630) 257-7616

Fax: (630) 257-9678

E-mail: mail@chicagomap.com

Cimarron Technologies Corp

934 South Andreasen Drive, Suite G
Escondido, CA 92029-1919
Phone: (760) 738-3282
Fax: (760) 480-0233
E-mail: cimarron@cts.com

Citel, Inc

1111 Parkcentre Boulevard, Suite 340

Miami, FL 33169

Phone: (305) 621-0022

Fax: (305) 621-0766

E-mail: citel4u@ix.netcom.com

CLM/Systems, Inc

4805 West Laurel Street

Suite 300

Tampa, FL 33607

Phone: (813) 286-8755

Fax: (813) 286-8993

E-mail: cim@clmsystems.com

Comant Industries

12920 Park Street

Santa Fe Springs, CA 90670
Phone: (562) 946-6694

Fax: (562) 946-5150

E-mail: comant@juno.com

Comgrafix, Inc

620 E Street

Clearwater, FL 34616

Phone: (813) 443-6807

Fax: (813) 443-7585

E-mail: bobhorst@comgrafix.com

Communication & Navigation
Badstrasse 9

Grieskirchen A-4710
AUSTRIA

Phone: +43 7248 66233
Fax: +43 7248 4880

E-mail: cn.gps@ivnet.co.at

Communication Systems
International Inc

1200 58th Avenue SW
Calgary, Alberta T2H 2C9
CANADA

Phone: (403) 259-3311
Fax: (403) 259-8866
E-mail: info@csi-dgps.com

Communications & Measurement Technologies Ltd
18 Howard Way, Cromwell Business Park

Newport Pagnell Buckinghamshire
MK16 9QS
UNITED KINGDOM
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Phone: +44 1908 218200
Fax: +44 1908 217327
E-mail: info@cmt.co.ck

ComROAD AG

Bruckmannring 32
Oberschleissheim D-85764
GERMANY

Phone: +49 89 315 71 90

Fax: +49 89 315 16 94

E-mail: comroad@solidinfo.com

Condor Earth Technologies, Inc
21663 Brian Lane

PO Box 3905

Sonora, CA 95370

Phone: (209) 532-0361

Fax: (209) 532-0773

E-mail: condor@mlode.com

Correct Net

709 10th Street

Boone, 1A 50036
Phone: (515) 432-8602
Fax: (515) 432-1167
E-mail: plcarp@tdsi.net

Corvallis Microtechnology Inc
413 SW Jefferson Avenue
Corvallis, OR 97333

Phone: (541) 752-5456

Fax: (541) 752-4117

E-mail: info@cmtinc.com

Daimler-Benz Aerospace AG/NFS GmbH
Woerthstrasse 85

Ulm D-89077

GERMANY

Phone: +49 731 3923879

Fax: +49 731 3925455

E-mail: wolfgang.busch@vs-ulm.dasa.de

Dassault Sercel NP

16, Rue de Bel Air

BP 433

Carquefou Cedex F44474

FRANCE

Phone: +33 2 40 30 59 00

Fax: +33 2 40 30 58 92

E-mail: francis.lepalud.dsnp@sercel.fr

Datachron, Inc

1150 East Stanford Court
Anaheim, CA 92805

Phone: (714) 385-1705
Fax: (714) 978-2514
E-mail: datachron@aol.com

Datum Inc/Bancomm Timing Division
6781 Via Del Oro

San Jose, CA 95119

Phone: (408) 578-4161

Fax: (408) 578-4165

E-mail: sales@datum.com

Datum-Efratom

Time & Frequency Products, Inc
3 Parker

Irvine, CA 92618

Phone: (714) 770-5000

Fax: (714) 770-2463

E-mail: sales@efratom.com

Del Norte

Technology Inc

1100 Pamela Drive

PO Box 696

Euless, TX 76039

Phone: (817) 267-3541
Fax: (817) 354-5762
E-mail: dnti@delnorte.com

DelLorme Mapping

Lower Main Street

PO Box 295

Freeport, ME 04037

Phone: (207) 865-1234
Fax: (207) 865-9291

E-mail: sales@delorme.com

Dinet, Inc

2611 Temple Heights Drive
Oceanside, CA 92056
Phone: (888) 345-2433
Fax: (760) 724-6209

E-mail: danamack@aol.com

Dorne & Margolin, Inc

2950 Veterans

Memorial Highway
Bohemia, NY 11716

Phone: (516) 585-4000
Fax: (516) 585-4810
E-mail: cmatier@dorne.com

Dural International
1/3471 Ipswich Road
Wacol, Brisbane 4076
AUSTRALIA

Phone: +61-7-3879 3300
Fax: +61-7-3879 3177
E-mail: dural@gil.com.au

Dynamic Communications Inc



8625 SW Cascade Boulevard
Beaverton, OR 97008
Phone: (503) 646-5300

Fax: (503) 641-6012

E-mail: dci@pacinter.net

Dynamics Research Corporation, Test Equipment
Division

93 Border Street

West Newton, MA 02165

Phone: (617) 965-1346

Fax: (617) 244-7726

E-mail: jlane@castle.drc.com

Eagle Point Software

4131 Westmark Drive

Dubuque, IA 52002-2627

Phone: (319) 556-8392

Fax: (319) 556-5321

E-mail: eric.silver@eaglepoint.com

Eastman Kodak Company, Law Enforcement
1447 St Paul Street

Rochester, NY 14653-7219

Phone: (800) 516-5666

Fax: (716) 253-5725

E-mail: kodakcgs@-catdir.com

Echelon Industries, Inc
20681 Truss Court
Diamond Bar, CA 91765
Phone: (909) 861-3881
Fax: (909) 861-8251
E-mail: 700423665@msn

ECS (Electronic Cable Specialists)
5300 West Franklin Drive

Franklin, Wl 53132-8642

Phone: (414) 421-5300

Fax: (414) 421-5301

E-mail: ecs@execpc.com

Efratom Elektronik GmbH
Fichtenstrasse 25

Hofolding D-85649

GERMANY

Phone: +49 8104-662429

Fax: +49 8104-662428

E-mail: e.geiss-efratom@t-online.de

EG&G Frequency Products
35 Congress Street

Salem, MA 01970

Phone: (508) 745-3200
Fax: (508) 741-4923

Electronic Marine Systems Inc, Advanced Products

Group

800 Ferndale Place
Rahway, NJ 07065
Phone: (908) 382-4344
Fax: (908) 388-5111

Environmental Research Institute of Michigan

(ERIM)

1995 Green Road

PO Box 134001

Ann Arbor, Ml 48113-4001
Phone: (313) 994-1200
Fax: (313) 665-6559
E-mail: reed@erim.org

Enviro-Tech

Surveys Ltd

#9-640-42 Avenue, NE
Calgary, Alberta T2E 7J9
CANADA

Phone: (403) 276-8955
Fax: (403) 276-9362
E-mail: etsurvey@agt.net

ESE

142 Sierra Street

El Segundo, CA 90245
Phone: (310) 322-2136
Fax: (310) 322-8127

ESRI, Inc

380 New York Street
Redlands, CA 92373
Phone: (909) 793-2853
Fax: (909) 793-5953
E-mail: info@esri.com

ETE, Incorporated
12526 High Bluff Drive
Suite 300

San Diego, CA 92130
Phone: (619) 793-5400
Fax: (619) 793-6060
E-mail: mhurst@ete.com

Euro Traffic AS
Strandveien 37

PO Box 301

Lysaker N-1324
NORWAY

Phone: +47 6758 1800
Fax: +47 6758 1875
E-mail: eurotraf@sn.no

Euronav Navigation
20 The Slipway
Port Solent
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UNITED KINGDOM

Phone: +44 1705 373855

Fax: +44 1705 325800

E-mail: robertb@euronav.demon.co.uk

Eventide Inc,

Avionics Division

One Alsan Way

Little Ferry, NJ 07643
Phone: (201) 641-1200
Fax: (201) 641-1640
E-mail: info@eventide.com

Exploration Consultants Limited Inc
9801 Westheimer

Suite 1060

Houston, TX 77042

Phone: (713) 784-5800

Fax: (713) 974-3687

Farm Works Software
6795 State Road 1

PO Box 250

Hamilton, IN 46742-0250
Phone: (219) 488-3388
Fax: (219) 488-3737

FieldWorker

Products Ltd

551 Millwood Road

Toronto, Ontario MS4 1K7
CANADA

Phone: (416) 483-3485

Fax: (416) 483-7069

E-mail: sandy@fieldworker.com (or)
cindy@fieldworker.com

FMS/Harvest

1200 East Haven Avenue
New Lenox, IL 60451

Phone: (815) 485-4955

Fax: (815) 485-4011

E-mail: info@fmsharvest.com

France GPS

204 Boulevard Pereire

Paris FR-75017

FRANCE

Phone: +33 1 45 74 24 00

Fax: +331 4574 24 04

E-mail: 100765.2026@compuserve.com

FreeWave Technologies, Inc.
1880 South Flatiron Court, Suite F
Boulder, CO 80301

Phone: (303) 444-3862

Fax: (303) 786-9948

E-mail: swulchin@freewave.com

Frequency & Time Systems, Inc
34 Tozer Road

Beverly, MA 01915

Phone: (508) 927-8220

Fax: (508) 927-4099

E-mail: marketing@ftsdatum.com

Frequency

Electronics, Inc

55 Charles Lindbergh Boulevard
Mitchell Field, NY 11553

Phone: (516) 794-4500

Fax: (516) 794-4340

E-mail: genek@fregelec.com

Fugro Starfix

(Europe) AS

PO Box 50 Roa

Oslo N-0701

NORWAY

Phone: +47-22-13-47-00

Fax: +47-22-13-46-46

E-mail: starfix@fugro.geoteam.nu

Furuno Electric Co, Ltd

International Marketing

9-52, Ashihara-cho

Nishinomiya, 662

JAPAN

Phone: +81 798-63-0162

Fax: +81 798-66-0281

E-mail: hasegawa@fecbkn.furuno.co.jp

Furuno USA Inc

271 Harbor Way

South San Francisco, CA 94080
Phone: (415) 873-9393

Fax: (415) 872-3403

Gallium Software Inc

303 Moodie Drive

Suite 4000

Nepean, Ontario K2H 94R
CANADA

Phone: (613) 721-0902

Fax: (613) 721-1278

E-mail: bvezina@gallium.com

GARMIN International
1200 East 151st Street
Olathe, KS 66062
Phone: (913) 397-8200
Fax: (913) 397-8282

GEC Plessey Semiconductors



Cherry Orchard North
Kembrey Business Park
UNITED KINGDOM
Phone: +44 1793 518852
Fax: +44 1793 518863

E-mail: dave.richardson@gpsemi.com

GEC-Marconi, Electro-Optics Division

Browns Lane

UNITED KINGDOM

Phone: +44 1705 227080
Fax: +44 1705 227277
E-mail: candrews@gecm.com

Geodetic Research Services Ltd
Box 3643 Station B

Fredericton, NB, E3A5L7
CANADA

Phone: (506) 453-5144

Fax: (506) 453-4943

GeoResearch, Inc

115 North Broadway
Billings, MT 59101

Phone: (406) 248-6771
Fax: (406) 248-6770
E-mail: ds.geolink@aol.com

GeoResearch, Inc

8120 Woodmont Avenue, Suite 300
Bethesda, MD 20814

Phone: (301) 664-8000

Fax: (301) 657-2468

GEOsat GmbH

GEOhaus

Solinger Strasse 11
Milheim/Ruhr D-45481
GERMANY

Phone: +49 208 99366 14
Fax: +49 208 99366 22

Geosoft Ltd

3M, Springfield House

Hyde Terrace

UNITED KINGDOM

Phone: +44 113 234 4000
Fax: +44 113 246 5071
E-mail: sales@geosoft.co.uk

GEOsurv Inc

6-1050 Baxter Road
Ottawa, Ontario K2C 3P1
CANADA

Phone: (613) 820-4545
Fax: (613) 820-9772
E-mail: geosurv@magi.com

Geotronics AB

Box 64

Danderyd S18211
SWEDEN

Phone: +46 8 622 10 00
Fax: +46 8 753 24 64

GES SA

Rue Francois-Dussaud 19
Geneva CH1227
SWITZERLAND

Phone: +41 22 342 78 06
Fax: +41 22 823 0005
E-mail: sales@gessa.com

GIS Solutions

2387 West Monroe

Suite 137

Springfield, IL 62704-1466

Phone: (217) 546-3635

Fax: (217) 546-3839

E-mail: gisspil@gis-solutions.com

GLB Electronics, Inc

151 North America Drive
Buffalo, NY 14224

Phone: (905) 878-7794
Fax: (905) 878-2544
E-mail: ronwilson@glb.com

Global Systems and Marketing (GSAM)
6475 East Pacific Coast Highway, Suite 405
Long Beach, CA 90803

Phone: (562) 596-3468

Fax: (562) 596-3468

E-mail: ljatgsam@aol.com

GMV SA

Isaac Newton, Il

PTM - Tres Cantos

Madrid E28760

SPAIN

Phone: +34 1 807 21 00
Fax: +34 1 807 21 99
E-mail: webmaster@gmv.es

Gnostech

650 Louis Drive

Suite 190

Warminster, PA 18974

Phone: (215) 443-8660

Fax: (215) 443-9192

E-mail: afesnak@gnostech.com

GPS GmbH
Barerstrasse 48
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Munich D-80799

GERMANY

Phone: +49 89-280-24-56

Fax: +49 89-280-24-57

E-mail: adaerr@compuserv.com

Grafinta SA

Avenida Filipinas 46
Madrid E28003
SPAIN

Phone: +34 15537207
Fax: +34 15336282

Greenfield Associates

36 Misty Acres Road

Rolling Hills Estates, CA 90274
Phone: (310) 541-1294

Fax: (310) 541-1384

E-mail: jameshume@compuserve.com

Grinaker Electronic Systems (CAPE)
PO Box 30444

Tokai 7966

SOUTH AFRICA

Phone: +27 21-758-460

Fax: +27 21-752-395

E-mail: amp@gtrack.co.za

G2 Navigation, Inc

540 North Santa Cruz Avenue, Suite 283
Los Gatos, CA 95030

Phone: (408) 395-5989

Fax: (408) 395-5989

Harmonic Software Inc

12223 Dayton Avenue North
Seattle, WA 98133

Phone: (206) 367-8742

Fax: (206) 367-1067

E-mail: harmonic@omatrix.com

HarvestMaster, Inc

1740 North Research Park Way
Logan, UT 84341-1941

Phone: (801) 753-1881

Fax: (801) 753-1896

E-mail: hm@harvestmaster.com

Hewlett-Packard Company, Components Group
370 West Trimble Road

San Jose, CA 95131

Phone: (408) 654-8675

Fax: (408) 654-8575

E-mail: components.salesresponse@hp.com

High-Tech Direct, GPS Product Group
1 Terence Matthews Cr, Unit 25

Kanata, Ontario K2M 2G3
CANADA

Phone: (613) 599-5095
Fax: (613) 599-5064
E-mail: htolton@htd.com

Honkus & Associates, Inc
4173 Bluebonnet Drive
Stafford, TX 77477
Phone: (281) 494-4771
Fax: (281) 494-4747
E-mail: shonkus@nol.net

Horita Co, Inc

PO Box 3993

Mission Viejo, CA 92690
Phone: (714) 489-0240
Fax: (714) 489-0242
E-mail: horita@horita.com

Huber & Suhner

19 Thompson Drive

Essex Junction, VT 05452

Phone: (802) 878-0555

Fax: (802) 878-9880

E-mail: info@hubersuhnerinc.com

IFR Systems, Incorporated
10200 West York Street
Wichita, KS 67215

Phone: (316) 522-4981
Fax: (316) 522-1360
E-mail: sales@ifrsys.com

IMP Enterprises, Inc

7325 Orangethorpe Avenue
Buena Park, CA 90621
Phone: (714) 670-8263

Fax: (714) 670-9682

E-mail: impentr@earthlink.net

Infrared Technologies Corp

608 Washington Boulevard, Suite 304

Laurel, MD 20707
Phone: 301-470-4055
Fax: 301-498-6739
E-mail: itc@nmaa.org

Intermetrics Incorporated

7711 Center Avenue

Suite 615

Huntington Beach, CA 92647-3076
Phone: (714) 891-4631

Fax: (714) 897-8125

E-mail: jacobson@hunt.inmet.ocm

Interstate Electronics Corporation



1001 East Ball Road

PO Box 3117

Anaheim, CA 92803-3117
Phone: (714) 758-0500
Fax: (714) 758-4148

Japan Radio

Company Ltd

Akasaka Twin Tower (Main)
17-22, Akasaka 2-Chome
Minato-Ku Tokyo 107
JAPAN

Phone: +81 (3) 35848844
Fax: +81 (3) 3584 8879
E-mail: j02924@ml.jrc.co.jp

JRC Canada Inc

4000 Sandshell Drive
Fort Worth, TX 76137
Phone: (817) 847-2156
Fax: (817) 847-2173
E-mail: apande@jrcc.com

K & L Microwave Inc

408 Coles Circle
Salisbury, MD 21801-3299
Phone: (410) 749-2424
Fax: (410) 749-5725

E-mail: klsales@klmicrowave.com

KAVIComm Communications Ltd

PO Box 1478

St. Laurent, Québec H4L 471
CANADA

Phone: (514) 747-7180

Fax: (514) 744-9491

E-mail: info@kavicomm.qc.ca

Kayser-Threde GmbH
Wolfratshauser Strasse 48
Minchen D-81379
GERMANY

Phone: +49 89 72495 249
Fax: +49 89 7249 104
E-mail: al@kayser-threde.de

Koden Electronics Co, Ltd
10-45 Kami-Osaki

2-Chome

Shinagawa-ku, Tokyo 141
JAPAN

Phone: +81 3 3440 3864

Fax: +81 3 3473 5837

E-mail: koden@netlaputa.or.jp

KVH Industries Inc
110 Enterprise Center

Middletown, RI 02842
Phone: (401) 847-3327
Fax: (401) 849-0045
E-mail: info@kvh.com

KW Microwave Corp

1985 Palomar Oaks Way
Carlsbad, CA 92009

Phone: (760) 929-9800

Fax: (760) 929-9899

E-mail: sales@kwmicrowave.com

Laser Technology, Inc

7070 South Tucson Way
Englewood, CO 80112

Phone: (303) 649-1000

Fax: (303) 649-9710

E-mail: lasertek@ix.netcom.com

Leading Edge Technologies Ltd
1200C 58 Avenue SE

Calgary, Alberta T2H 2C9
CANADA

Phone: (403) 640-2223

Fax: (403) 640-1640

Leica AG

Heerbrugg CH9435

SWITZERLAND

Phone: +41 (71) 7273384

Fax: +41 (71) 7274702

E-mail: peter.jackson@email.leica.com

Leica GPS

23868 Hawthorne Boulevard
Torrance, CA 90505

Phone: (310) 791-5300

Fax: (310) 791-6108

E-mail: scott.lee@leica-gps.com
See pages 7, 11

Lightstone Group

250 Old Country Road

Suite 402

Mineola, NY 11501-4253
Phone: (516) 294-7505

Fax: (516) 294-5543

E-mail: hugh@lightstone.com

Liikkuva Systems International Inc
3330 Cameron Park Drive, Suite 400
Cameron Park, CA 95682

Phone: (916) 676-0682

Fax: (916) 676-0685

E-mail: cboucher@liikkuva.com

Location Systems Corporation
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17734 Preston Road
Suite 200

Dallas, TX 75252
Phone: (972) 381-7110
Fax: (972) 381-7112

E-mail: dearber.location.systems@airmail.net

Logsdon & Associates

235 Clipper Way

Seal Beach, CA 90740
Phone: (562) 431-3334
Fax: (562) 799-0810
E-mail: tslogsdon@aol.com

Loyola Enterprises Incorporated
904 Measowburm Court
Virginia Beach, VA 23452
Phone: (757) 427-5686

Fax: (757) 430-4310

E-mail: benito@loyola.com

M/A-COM Inc

1011 Pawtucket Boulevard
Lowell, MA 01853-3295
Phone: (800) 366-2266
Fax: (800) 618-8883

Magellan Systems Corp
960 Overland Court
San Dimas, CA 91773
Phone: (909) 394-5000
Fax: (909) 394-7050

Mandli Communications, Inc

490 North Burr Oak Avenue Suite 2
Oregon, WI 53575-3102

Phone: (608) 835-3500

Fax: (608) 835-7891

E-mail: kmandli@mandli.com

Manning NavComp, Inc
4205 Park Drive

Lago Vista, TX 78645

Phone: (512) 267-7800

Fax: (512) 267-9200

E-mail: sales@navcomp.com

Maxrad, Inc

4350 Chandler Drive
Hanover Park, IL 60103
Phone: (630) 372-6800
Fax: (630) 372-8077
E-mail: sales@maxrad.com

Mayflower Communications Company, Inc
900 Middlesex Turnpike Building 8
Billerica, MA 01821

Phone: (508) 436-9600
Fax: (508) 436-9988
E-mail: mayflowercom@delphi.com

MC2 GPSystems Inc
350 Jaeger Street
Tracy, CA 95376
Phone: (209) 832-3608
Fax: (209) 832-8208
E-mail: bmcleod@mc2gpsystems.com

MDL Technologies, LLC
16155 Park Row

Suite 190

Houston , TX 77084
Phone: (281) 646-0050
Fax: (281) 646-9565

Megapulse, Inc

8 Preston Court

Bedford, MA 01730

Phone: (617) 275-2010

Fax: (617) 275-4149

E-mail: megapuls@megapulse.com

Mentor Engineering Inc
609-14th Street NW

Suite 503

Calgary, Alberta T2N 2A1
CANADA

Phone: (403) 777-3760

Fax: (403) 777-3769

E-mail: sales@mentoreng.ca

Mentor Software, Inc

3907 East 120th Avenue
Suite 200

Thornton, CO 80233-1644
Phone: (303) 252-9090
Fax: (303)450-9859

E-mail: norm@mntrsoft.com

Meteor Communications Corporation
8631 South 212th Street

Kent, WA 98031

Phone: (206) 872-2521

Fax: (206) 872-7662

Micro Map & CAD

35678 Hobnail Court

Elizabeth, CO 80107

Phone: (303) 988-4940

Fax: (303) 646-4256

E-mail: rkgeorge@micromap.com

Micro Pulse Inc
409 Calle San Pablo



Camarillo, CA 93012 Phone: (603) 778-7957
Phone: (805) 389-3446 Fax: (603) 778-4814
Fax: (805) 389-3448 E-mail: sales@gpspro.com
E-mail: tomk@micropulse.com
National Systems & Research Co

Micro-Trak Systems, Inc 5475 Mark Dabling Boulevard, Suite 200
111 East Leray Avenue Colorado Springs, CO 80918

Eagle Lake, MN 56024-9650 Phone: (719) 590-8880

Phone: (507) 257-3600 Fax: (719) 590-8983

Fax: (507) 257-3001 E-mail: rreamer@nsr.com

E-mail: micro-trak.com
Navicom Co, Ltd

Micrologic Inc Dongchon Building

9174 Deering Ave 1541-M, Seocho-Dong
Chatsworth, CA 91311 Seocho-Gu, Seoul
Phone: (818) 998-1216 KOREA

Fax: (818) 709-3658 Phone: +82 2 3472-6141

Fax: +82 2 3472-6145
MLR Electronique SA

Z.1. Les Dorices Navigation Data Systems, Inc
Vallet F44330 520 Commerce Point
FRANCE New Orleans, LA 70123
Phone: +33 2 40 36 26 86 Phone: (504) 734-5566

Fax: +33 2 40 36 38 88 Fax: (504) 734-5081

E-mail: fleettrak@aol.com
Monicor Electronic Corp

2964 NW 60th Street Navigato A/S

Ft. Lauderdale, FL 33309 Vaeselvej 130-134

Phone: (954) 979-1907 Skive DK7800

Fax: (954) 979-2611 DENMARK

E-mail: monicor@ix.netcom.com Phone: +45 9751 3788
Fax: +45 9751 4050

Moore Associates Inc (MAI) E-mail: sales@navigato.dk

22130 Oak Flat Road

Los Gatos, CA 95030 Navionics Inc

Phone: (408) 353-4281 6 Thacher Lane

Fax: (408) 353-3744 Wareham, MA 02571

E-mail: steve@mooreinc.com Phone: (508) 291-6000

Fax: (508) 291-6006
Motorola, Position & Navigation Systems Business

4000 Commercial Avenue Navstar Mapping Corporation
Northbrook, IL 60062 7700 Merrybrook

Phone: (847) 714-7329 Austin, TX 78731-1548

Fax: (847) 714-7325 Phone: (512) 343-7810
E-mail: 912893@email.mot.com Fax: (512) 346-9712

E-mail: navstar@tab.com
Motorola, Space and Systems Technology Group

8201 East McDowell Road Navstar Systems Incorporated
Scottsdale, AZ 85252 21241 Ventura Boulevard Suite 246
Phone: (602) 441-3662 Woodland Hills, CA 91364

Fax: (602) 441-6777 Phone: (818) 347-1790

E-mail: barb_millman@email.mot.com E-mail: navstar-systems.com

MPN Components, Inc Navstar Systems Limited

50 Brookside Drive Mansard Close

Suite A-3 UNITED KINGDOM

Exeter, NH 03833 Phone: +44 1604 585588



64

Fax: +44 1604 585599
E-mail: navstar@telecom.com

NAVSYS Corporation

14960 Woodcarver Road
Colorado Springs, CO 80921
Phone: (719) 481-4877

Fax: (719) 481-4908

E-mail: abrown@navsys.com

Navtech Seminars and GPS Supply
2775 South Quincy Street, Suite 610
Arlington, VA 22206-2204

Phone: (703) 931-0500

Fax: (703) 931-0503

E-mail: gpsteach@interramp.com

Navtech Systems Limited

The Hollies,

Naseby Road,Clipston, Market Harborough
Leicestershire LE16 9RZ

UNITED KINGDOM

Phone: +44 1858 525 454

Fax: +44 1858 525 462

E-mail: sales@navtech.demon.co.uk

Nikon Inc

Surveying Dept

1300 Walt Whitman Road
Melville, NY 11747-9050
Phone: (516) 547-8587

Fax: (516) 547-8669

E-mail: nikoninc@1-2000.com

NORCOM

Technology Ltd

50 Unthank Road

UNITED KINGDOM

Phone: +44 1603 765252

Fax: +44 1603 765253

E-mail: enquiries@usercom.demon.co.uk

Northern Telecom Inc

475 North Martingale Road
Schaumburg, IL 60173
Phone: (847) 706-8600

Fax: (847) 706-8608

E-mail: pat_pagliaro@nt.com

Northstar Technologies

30 Sudbury Road

Acton, MA 01720

Phone: (508) 897-6600

Fax: (508) 897-7241

E-mail: lou.rota@northstarcmc.com

Novatek Technology Corporation

2103 Camino Vida Roble, Suite A
Carlsbad, CA 92009-1447
Phone: (760) 929-2715

Fax: (760) 929-2718

NovAtel Inc

1120 68th Avenue, NE
Calgary, Alberta T2E 8S5
CANADA

Phone: (403) 295-4900
Fax: (403) 295-4901
E-mail: gps@novatel.ca

NTS Pty Ltd

Level 2, 80 Chandos Street
PO Box 223

St. Leonards 2065
AUSTRALIA

Phone: +61-2-9906-5522
Fax: +61-2-9906-1445
E-mail: pmottlee@nts.net.au

Odetics Telecom

1585 South Manchester Avenue
Anaheim, CA 92802-2907
Phone: (714) 758-0400

Fax: (714) 780-7696

OMNISTAR Inc

8200 Westglen

Houston, TX 77063

Phone: (713) 785-5850
Fax: (713) 785-5164

E-mail: dgps@omnistar.com

Orbital Sciences Corp
20301 Century Boulevard
Germantown, MD 20874
Phone: (301) 428-6023

Fax: (301) 428-6466

E-mail: Ischulman@8sd.com

Osiris bv

Nijverheidsweg 35
Heemstede NL2102 LK
THE NETHERLANDS
Phone: +31 2 35 28 35 52
Fax: +31 2 3529 23 98
E-mail: osirisnl@pop.pi.net

PacComm Packet Radio Systems, Inc
4413 North Hesperides Street
Tampa, FL 33614-7618

Phone: (813) 874-2980

Fax: (813) 872-8696

E-mail: sales@paccomm.com



Pacific Crest Corporation

990 Richard Avenue, Suite 110
Santa Clara, CA 95050

Phone: (408) 653-2070

Fax: (408) 748-9984

E-mail: sales@paccrst.com

Pacifico

PO Box 1066

Somis, CA 93066
Phone: 805-987-0676
Fax: 805-987-0676

PCI Enterprises Inc

50 West Wilmot Street
Richmond Hill, Ontario L4B 1M5
CANADA

Phone: (905) 764-0614

Fax: (905) 764-9604

E-mail: sales@pci.on.ca

Pentax Corp, GPS Division

35 Inverness Drive East

Englewood, CO 80112

Phone: (800) 729-1419 Ext 348

Fax: (303) 643-0253

E-mail: 102351.2066@compuserve.com

Picodas Group Inc

100 West Beaver Creek Road, Unit 6
Richmond Hill, Ontario L4B 1H4
CANADA

Phone: (905) 764-3744

Fax: (905) 764-3792

E-mail: general@picodas.com

Piezo Crystal Company
100 K Street

Box 619

Carlisle, PA 17013
Phone: (717) 249-2151
Fax: (717) 249-7861

PinPoint Systems International, LLC
381-4 Old Riverhead Road
Westhampton Beach, NY 11978
Phone: (516) 288-0264

Fax: (516) 288-0294

E-mail: psi@pinpointsys.com

Plangraphics, Inc

112 East Main Street

Frankfort, KY 40601

Phone: (502) 223-1501

Fax: (502) 223-1235

E-mail: garyreed@plangraphics.com

Position Inc

6815E 40th Street SE

Calgary, Alberta T2C 2W7
CANADA

Phone: (403) 720-0277

Fax: (403) 720-0044

E-mail: rgowans@positioninc.com

Positioning Resources Limited
64 Commerce Street

UNITED KINGDOM

Phone: +44 1 224 581502
Fax: +44 1 224 574 354
E-mail: sales@posres.co.uk

Precision Navigation, Inc
1235 Pear Avenue

Suite 111

Mountain View, CA 94043
Phone: (415) 962-8777
Fax: (415) 962-8776
E-mail: precnavi@aol.com

Premier GPS Inc

1003-D 55 Avenue NE
Calgary, Alberta T2E 6W1
CANADA

Phone: (403) 295-8879

Fax: (403) 274-3021

E-mail: info@premier-gps.com

PROGIS Corporation

750 East Holly Street
Bellingham, WA 98225
Phone: (360) 738-2449
Fax: (360) 738-2798
E-mail: progis@progis.com

ProMap Corporation

1531 Airport Road

Suite 2

Ames, IA 50010

Phone: (515) 233-3311
Fax: (515) 233-4575
E-mail: info@promap.com

Psomas and Associates

3187 Red Hill Avenue

Suite 250

Costa Mesa, CA 92626
Phone: (714) 751-7373

Fax: (714) 545-8883

E-mail: klaunen@psomas.com

Quest Systems Inc
17210 Mercury Drive
Houston, TX 77058
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Phone: (281) 280-0227
Fax: (281) 280-0228
E-mail: quest@questsystems.com

Racal Survey Limited

118 Burlington Road

UNITED KINGDOM

Phone: +44 181 942 2464

Fax: +44 181 949 1273

E-mail: holdenj@racal-survey.co.uk

Radio Satellite Integrators, Inc

20695 South Western Avenue, Suite 140
Torrance, CA 90501

Phone: (310) 787-7700

Fax: (310) 787-7435

Radiocode Clocks Ltd

Trevarno Manor

Hellston, Cornwall TR13 ORU

UNITED KINGDOM

Phone: +44 1326 574281

Fax: +44 1326 574282

E-mail: 100561.2432@compuserve.com

Ratatek Ltd

35 Concord Avenue
UNITED KINGDOM
Phone: +44 1634 669606
Fax: +44 1634 669606

Raytheon Marine Company
676 Island Pond Road
Manchester, NH 03109-5420
Phone: (603) 647-7530

Fax: (603) 634-4756

E-mail: raymarine.com

RDS Systems Inc

119 Glenmore Road, Suite 200
Apex, NC 27502

Phone: (919) 387-9555

Fax: (919) 387-3484

Reson Inc

300 Lopez Road

Goleta, CA 93117
Phone: (805) 964-6260
Fax: (805) 964-7537
E-mail: sales@reson.com

Retconn, Incorporated
199 West Pearl Road
Torrington, CT 06790
Phone: (860) 489-1220
Fax: (860) 496-7307

Riegl USA

8516 Old Winter Garden Road, Suite 101
Orlando, FL 32835

Phone: (407) 294-2799

Fax: (407) 294-3215

E-mail: 102575,2736@compuserve.com

Rinex Technology

173 Petra Street

East Fremantle WA-6158
AUSTRALIA

Phone: +61 9-319-34-34
Fax: +61 9-339-47-81
E-mail: rinex@rinex.com.au

RMS Technology, Inc/ VISTA
124 Berkley Avenue

PO Box 249

Molalla, OR 97038

Phone: (503) 829-6167

Fax: (503) 829-6568

Rockwell Agricultural Systems
350 Collins Road NE

Cedar Rapids, IA 52498
Phone: (319) 295-5068

Fax: (319) 295-5111

E-mail: cacd@rockwell.com

Rockwell Collins, Inc

350 Collins Road NE

M/S 120-130

Cedar Rapids, IA 52498-0120
Phone: (319) 295-5100

Fax: (319) 295-4777

E-mail: cacd@cacd.rockwell.com

Rockwell Land Transportation Electronics
400 Collins Road NE

Cedar Rapids, IA 52498

Phone: (319) 295-2951

Fax: (319) 295-4777

E-mail: cacd@collins.rockwell.com

Rockwell Semiconductor Systems
4311 Jamboree Road

Newport Beach, CA 92660
Phone: (714) 221-4600

Rockwell Collins Avionics & Communications

Division

350 Collins Road NE

Cedar Rapids, IA 52498-0120
Phone: (319) 295-5100

Fax: (319) 295-4777

E-mail: gps@cacd.rockwell.com



Rokar International Ltd
Science Based Ind. Campus
Mt Hotzvim Box 45049
Jerusalem 1S-91450
ISRAEL

Phone: +972-2-5329804
Fax: +972-2-5822522
E-mail: dr@rokar.co.il

S2RK Advanced Technologies Inc

4480 Cote de Liesse

Town of Mount Royal, Québec H4N 2R1
CANADA

Phone: (514) 341-2300

Fax: (514) 341-1777

E-mail: info@noramcorp.com

SAGEM Australasia Pty Ltd

Unit 2/44-48 O’'Dea Avenue
Waterloo NSW 2017
AUSTRALIA

Phone: +61 2 93153500

Fax: +61 2 93153510

E-mail: sagem@ozemail.com.au

Sandia Research Associates, Inc/GPS Systems

Division

3411 Candelaria NE
Albuquerque, NM 87107
Phone: (505) 881-6900
Fax: (505) 883-5700

SANJOSE

Navigation, Inc

6 Floor, Number 499

Nan-Ya Road

Ying-Ko Cheng

Taipei Hsien

TAIWAN

Phone: + 886-2-6788306
Fax: + 886-2-6788361
E-mail: sanav@ms7.hinet.net

Satcon System GmbH
Bundesstrasse 7
Obertheres D-97531
GERMANY

Phone: +49 9521 7072
Fax: +49 9521 1350

Satloc

4670 South Ash Avenue
Building 10

Tempe, AZ 85282

Phone: (602) 752-7439
Fax: (602) 752-7457
E-mail: sales@satloc.com

Science Applications International Corporation

(SAIC)

Space Systems Operation

21151 Western Avenue

Torrance, CA 90501-1724

Phone: (310) 783-1436

Fax: (310) 781-8742

E-mail: alfred.j.koorey@cpmx.saic.com

Seiler Instrument and Manufacturing Co Inc
170 East Kirkham Avenue

St. Louis, MO 63119

Phone: (314) 968-2282

Fax: (314) 968-9217

E-mail: survey@seilerinst.com

Sena GPS SA

Av. De Europa, 21
Alcobendas E28100
SPAIN

Phone: +34 1 657 2170
Fax: +34 1 662 0819

Sensor Systems, Inc

8929 Fullbright Avenue

Chatsworth, CA 91311

Phone: (818) 341-5366

Fax: (818) 341-9059

E-mail: sensorsystems@worldnet.att.net

Sextant Avionique DAH (Helicopter Avionics)
25, rue Jules Vedrines

Valence Cedex F26027

FRANCE

Phone: +33 4 75 79 87 98

Fax: +334 75 79 86 45

SI-TEX Marine Electronics Inc
11001 Roosevelt Boulevard North
Suite 800

Saint Petersburg, FL 33716-2338
Phone: (813) 576-5995

Fax: (813) 576-5547

Signalling Technology Pty Ltd
107 Seaford Road

PO Box 304

Seaford, Victoria 3198
AUSTRALIA

Phone: +61 3 9786 0077

Fax: +61 3 9786 0063

E-mail: sigtec@ozemail.com.au

Silva Sweden AB
Kuskvagen 4
Sollentuna S191 62
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SWEDEN

Phone: +46 8 623 43 00
Fax: +46 8 92 76 01
E-mail: silva@silva.se

Sintrade AG/GPS-Satellitennavigation
Flugzubehor/Akku-Messtechnik
Kriesbachstrasse 30

Dibendorf CH8600

SWITZERLAND

Phone: +41 01-822 04 04

Fax: +41 01-822 04 05

E-mail: sintrade@dial.eunet.ch

SiRF Technology, Inc
3970 Freedom Circle
Santa Clara, CA 95054
Phone: (408) 980-4700
Fax: (408) 980-4705
E-mail: sirff@sirf.com

Skyforce Avionics Ltd

5 The OId Granary

Boxgrove, Chichester

UNITED KINGDOM

Phone: +44 1243 783763

Fax: +44 1243 783992

E-mail: skyforce@easynet.co.uk

Skyforce Avionics NA

14100 Parke Long Court

Suite F-100

Chantilly, VA 20151

Phone: (703) 502-7820

Fax: (703) 502-7802

E-mail: 76443.2565@compuserve.com

SkyVision, Inc

5858 Westheimer

Suite 703

Houston, TX 77057

Phone: (713) 784-7727

Fax: (713) 780-9713

E-mail: skyvis@netcom.com

SMT Datateknik AB
Nordenflychtsvagen 66
Stockholm S-112 51
SWEDEN

Phone: +46 8 13 00 55
Fax: +46 8 13 00 56
E-mail: smt@smtdata.se

Sokkia Co, Ltd

1-1, Tomigaya 1-Chome
Shibuya-ku

Tokyo 151

JAPAN
Phone: +81 3 3465 5201
Fax: +81 3 3465 5202

Sokkia Corporation

9111 Barton

PO Box 2934

Overland Park, KS 66201
Phone: (913) 492-4900
Fax: (913) 492-0188
E-mail: sales@sokkia.com

Southern Avionics Company
Box 5345

Beaumont, TX 77726-5345
Phone: (409) 842-1717

Fax: (409) 842-2987

E-mail: sacl@electrotex.com

Space Electronics Inc

4031 Sorrento Valley Boulevard

San Diego, CA 92121

Phone: (619) 452-4167

Fax: (619) 452-5499

E-mail: 102005.1635@compuserve.com

Space Imaging EOSAT

9351 Grant Street

Suite 500

Thornton, CO 80229

Phone: (303) 254-2000

Fax: (303) 254-2215

E-mail: info@spaceimage.com

Spectra-Physics Laserplane, Inc
5475 Kellenburger Road
Dayton, OH 45424-1099

Phone: (937) 233-8921

Fax: (937) 233-9004

Spectracom Corporation

101 Despatch Drive

East Rochester, NY 14445

Phone: (716) 381-4827

Fax: (716) 381-4998

E-mail: mailroom@spectracomcorp.com

Spectrum Geophysical Instruments
18271 West McDurmott Suite F
Irvine, CA 92614

Phone: (714) 544-3000

Fax: (714) 544-8307

Spectrum Technologies Inc
23839 West Andrew Road
Plainfield, IL 60544

Phone: (800) 248-8873



Fax: (815) 436-4460
E-mail: specmeters@aol.com

SST Development Group, Inc
824 North Country Club Road
Stillwater, OK 75075-0918
Phone: (405) 377-5334

Fax: (405) 377-5746

E-mail: sst@sstdevgroup.com

Stanford Telecommunications, Inc
1221 Crossman Avenue

PO Box 3733

Sunnyvale, CA 94088-3733
Phone: (408) 745-2528

Fax: (408) 745-2544

E-mail: braunsteind@stelhq.com

Starlink Incorporated

6400 Highway 290 East

Suite 202

Austin, TX 78723

Phone: (512) 454-5511

Fax: (512) 454-5570

E-mail: visitor@starlinkdgps.com

Starplus Software Inc

460 Boulevard Way

Oakland, CA 94610

Phone: (510) 653-4836

Fax: (510) 653-2727

E-mail: starplus@compuserve.com

Steanne Solutions Limited

Steanne House

126 Clarendon Road

UNITED KINGDOM

Phone: +44 161 367 8137

Fax: +44 161 367 8717

E-mail: 101332.1363@compuserve.com

Stellar Navigation Systems Inc
85 Albert Street

Suite 1620

Ottawa, Ontario K1P 6A4
CANADA

Phone: (613) 567-0412

Fax: (613) 567-0409

E-mail: stellar@stellarnav.com

Steve Lieber & Associates, Inc
16910 Texas Avenue, Suite A11/12
Webster, TX 77598

Phone: (281) 332-4656

Fax: (281) 338-2472

E-mail: sales@slainc.com

Storm Products Co/
Advanced Technology Group
116 Shore Drive

Hinsdale, IL 60521

Phone: (630) 323-9121

Fax: (630) 323-9398

System Dividends, LLC
3936 Bosque Court
Boulder, CO 80301
Phone: (303) 413-8240
Fax: (303) 413-8245
E-mail: gpstrng@msn.com

Systron Donner

Inertial Division

2700 Systron Drive

Concord, CA 94518

Phone: (510) 671-6601

Fax: (510) 671-6647

E-mail: service@beisensors.com

TAL Technologies, Inc
2027 Wallace Street
Philadelphia, PA 19130
Phone: (215) 763-7900
Fax: (215) 763-9711
E-mail: sales@taltech.com

Tekelec Temex, SA

29 avenue de la Baltique

Les Ulis Cedex 91953

FRANCE

Phone: +33 1 69 82 20 40

Fax: +33 1 64 46 45 50

E-mail: 100564.3555@compuserve.com

Tele Atlas BV

Moutstraat 92

Gent B9000

BELGIUM

Phone: +32 9 244 88 11
Fax: +32 9222 74 12
E-mail: info@teleatlas.com

Teledyne Controls

8414 154th Avenue NE
Redmond, WA 98052-3800
Phone: (206) 861-6906
Fax: (206) 885-1543

Telonics, Inc

932 East Impala Avenue
Mesa, AZ 85204-6699
Phone: (602) 892-4444
Fax: (602) 892-9139
E-mail: info@telonics.com
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Telson Communications Inc
1111 Highway 31

Lebanon, NJ 08833

Phone: (908) 730-9672
Fax: (908) 735-6109
E-mail: telson@mail.idt.net

Teracom

Box 903

Luled S971 27

SWEDEN

Phone: +46 920 239661
Fax: +46 920 239666
E-mail: epos@teracom.se

TFX Electronics

658 Discovery Drive
Huntsville, AL 35806
Phone: (205) 922-3820
Fax: (205) 922-3801
See page 68

TGS Technology Inc

2301 Research Boulevard, Suite 101
Fort Collins, CO 80526

Phone: (970) 224-4996

Fax: (970) 224-3001

E-mail: jonw@tgstech.com

The Coordinator

3616 Harden Boulevard
Lakeland, FL 33803-5938
Phone: (941) 499-5064

Thorcom Systems Ltd

Unit 4, 96B Blackpole Trading Estate West

UNITED KINGDOM

Phone: +44 1905 756 700
Fax: +44 1905 755 777
E-mail: sales@thorcom.com

3S Navigation

4 Executive Circle

Suite 200

Irvine, CA 92614
Phone: (714) 862-5900
Fax: (714) 862-5908
E-mail: nav35@aol.com

Times Microwave Systems
358 Hall Avenue

Box 5039

Wallingford, CT 06492
Phone: (203) 949-8400
Fax: (203) 949-8423

Topcon America Corporation
65 West Century Road
Paramus, NJ 07652

Phone: (201) 261-9450

Fax: (201) 387-2710

E-mail: rkerwin@topcon.com

TRAK Microwave Corp
TRAK Systems Division
4726 Eisenhower Boulevard
Tampa, FL 33634

Phone: (813) 884-1411

Fax: (813) 886-2794

E-mail: systems-sales@trak.com

Trans-Tech, Inc

PO Box 69

5520 Adamstown Road
Adamstown, MD 21710
Phone: (301) 695-9400
Fax: (301) 695-7065
E-mail: transtech@alphaind.com

Trimble Navigation Limited
645 North Mary Avenue
PO Box 3642

Sunnyvale, CA 94088-3642
Phone: (408) 481-8000
Fax: (408) 481-7781

TrueTime

2835 Duke Court

Santa Rosa, CA 95407
Phone: (707) 525-1230
Fax: (707) 527-6640
E-mail: truetime@ubn.com

Il Morrow Inc

2345 Turner Road SE

Salem, OR 97309

Phone: (503) 581-8101

Fax: (503) 364-2138

E-mail: avsales@iim.ups.com

UB Corporation

9829 Wilsky Boulevard
Tampa, FL 33615

Phone: (813) 884-1463

Fax: (813) 882-3192

E-mail: cwjw26a@prodigy.com

UCT Inc

18023-F Skypark Circle
Irvine, CA 92614

Phone: (714) 833-0777
Fax: (714) 833-2255
E-mail: info@uct-time.com



UniTrax Communications, Inc
1010 Calle Sombra

San Clemente, CA 92673
Phone: (800) 492-3113

Fax: (714) 492-6480

E-mail: advmpt@aol.com

Universal Avionics Systems Corporation
3260 East Lerdo Road

Tucson, AZ 85706

Phone: (520) 295-2300

Fax: (520) 295-2395

E-mail: inffo@www.uasc.com

University Technologies International
#609, 14th Street NW, Suite 204
Calgary, Alberta T2N 2A1

CANADA

Phone: (403) 270-7027

Fax: (403) 270-2354

E-mail: info@uti.ca

V-data

452 Melrose Road
Lottburg, VA 22511
Phone: (804) 529-5950
Fax: (804) 529-5950

Van Martin Systems, Inc
PO Box 2203

Rockville, MD 20847-2203
Phone: (301) 468-2095
Fax: (301) 770-6555
E-mail: vmsi@erols.com

Viasat Géo-Technologie Inc
419 Boulevard Rosemount
Montreal, Quebec H25 172
CANADA

Phone: (514) 495-6500
Fax: (514) 495-4191

Viccon, Inc

PO Box 3546

4413 Buena Vista Lane
Holiday, FL 34690
Phone: (813) 942-9541
Fax: (813) 943-7305
E-mail: viccon@gte.net

Vista Controls Corp

27825 Fremont Court
Santa Clarita, CA 91355
Phone: (805) 257-4430
Fax: (805) 257-4782
E-mail: edee@vistacc.com

Waypoint Consulting Inc

200 Rivercrest Drive SE, Suite 210
Calgary, Alberta T2C 2X5
CANADA

Phone: (403) 720-3800

Fax: (403) 720-3868

E-mail: wpinfo@waypnt.com

Wellston Technologies Inc

151 Osigian Boulevard

Suite 154

Warner Robins, GA 31088
Phone: (912) 953-1907

Fax: (912) 953-7661

E-mail: salesrep@wellston.com

Welnavigate, Inc

510 Spectrum Circle
Oxnard, CA 93030
Phone: (805) 485-5908
Fax: (805) 485-7687

Western Data Systems
14722 Regnal
Houston, TX 77039
Phone: (281) 987-1815
Fax: (281) 987-2743

WR, Inc

1709-C Little Orchard Street
San Jose, CA 95125

Phone: (408) 294-5746

Fax: (408) 294-3845

E-mail: gpsman@ix.netcom.com

XYNTEK Corporation

2664 South Balsam Street
Lakewood, CO 80227-3139
Phone: (303) 986-6435
Fax: (303) 986-6435
E-mail: xyntekl@juno.com

Yeoman Marine Ltd

The Shipyard, Bath Road

UNITED KINGDOM

Phone: +44 1590 679777

Fax: +44 1590 671717

E-mail: 101466,1156@compuserve.com

Zwick Systems Inc

17 Fitzgerald Road

Suite 104

Nepean, Ontario K2H 9G1
CANADA

Phone: (613) 726-1377
Fax: (613) 726-1902
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Zycom Corporation

PO Box 369

Bedford, MA 01730-0369

Phone: (617) 274-1222

Fax: (617) 274-9866

E-mail: zycom@ma.ultranet.com.

U.S. GPS Industry Council Members

Boeing

Honeywell

Lockheed Martin
Magellan Inc.
Motorola

Rockwell International
Trimble Navigation Ltd.

Japan GPS Council Members

Aero Asahi Corporation

Aisin Seiki Co., Ltd.

Alpine Electronics Inc.

Ascii Corporation

Asia Air Survey Co., Ltd.

Central Japan Railway Company
Clarion Co., Ltd.

Funai Electronic Co., Ltd.

General Research of Electronics Inc.
Hitachi Limited

Honda R&D Co., Ltd.

Icom Incorporated

Japan Petroleum Exploration Co., Ltd.
Japan Radio Co., Ltd.

Nippon Motorola Limited

Nippon Senpaku Tsushin K.K.

Nishio Rentall Co., Ltd.

Nissan Motor Co., Ltd.

Nissho Iwai Corporation

NTT Data Communications Systems Corporation
NTT Mobile Communications Network Inc.
Lines (Nippon Yusen Kabushiki Kaisha)
Oki Electric Industry Co., Ltd.
OmniTRACKS Corporation

PASCO Corporation

PIA Corporation

Pioneer Electronic Corporation

Railway Technical Research Institute
Rockwell International Japan Co., Ltd.
Sanyo Electric Co., Ltd.

SECTA (Security Electronics & Communications
Technology Association)

Sharp Corporation

Sokkia Co., Ltd.

Sony Corporation

SPC Electronics Corporation

Sumitomo Corporation

Sumitomo Electric Industries, Limited
Taisei Corporation

Technical Services of Information Co., Ltd.
Tokyo Cosmos Electric Corporation
Topcon Corporation

Trimble Navigation (Japan) Limited
Toshiba Corporation

Toyota Motor Corporation

Victor Company of Japan, Limited

Xanavi Informatics Co., Ltd.

Yokogawa Navitec Corporation

Zenrin Co., Ltd.

Japan Traffic Management Technology Associatiorf! Japan Fishery Radio Association

Kawasaki Heavy Industries, Limited
Kenwood Corporation

Koden Electronics Co., Ltd.

Kokusai Denki Engineering Co., Ltd.
Kokusai Kogyo Co., Ltd.

Kyushu Matsushita Electric Co., Ltd.
Maspro Denkoh Corporation
Matsushita Communication Industrial Co., Ltd.
Matsushita Electric Works, Limited
Mazda Motor Corporation

Mitsui O.S.K. Lines, Limited

Mitsui & Co., Ltd.

Mitsubishi Electric Corporation
Mitsubishi Plastics Industries

NEC Corporation

NEC Home Electronics, Limited

NHK (Japan Broadcasting Corporation)
Nihon Tsushinki Co., Ltd.

Nippon Denso Co., Ltd.

Nippon Mail Transportation Co., Ltd.

All Japan Radio Taxi-Cab Organization

Japan Fisheries Association

Keidanren (Japan Federation of Economic Organization)
Land Mobile Radio Association Corporation, Japan
Marine Radio Inspecting Association

NASDA (National Space Development Agency of
Japan)

NORC (Nippon Ocean Racing Club)

Radio Equipment Inspection and Certification Institute
R&D Center for Radio Systems

SUIYOKAI Marine Radio Manufacturers Association
The Japanese Ship Owners’ Association

The Sakura Bank Ltd.

Zenkoku ldou Musen Center Kyougikai



Appendix B - GPS Web Sites and Bibliography

In addition to the bibliography provided below, the reader is directed to the following publications
which provide an overviews of the policy, management, and technical issues affecting the future
evolution of Global Positioning System applications:

Pace, Scott, et. alhe Global Positioning System - Assessing National PaligiasiD, 1995.

National Research Councithe Global Positioning System - A Shared National Ab&dtonal
Academy Press, 1995.

National Academy of Public Administration and National Research CodialGlobal Positioning
System - Charting the Futyridlational Academy of Public Administration, 1995.

Lists of GPS-related links

For current information the reader will find the following URLSs useful in searching the World Wide
Web of the Internet:

Links to Multiple GPS Sites

Descriptions of GPS-related companies
http://www.yahoo.com/Business_and_Economy/Companies/Navigation/Radio/
Global_Positioning_Systems/

Descriptions of GPS-related applications
http://www.yahoo.com/Science/Geography/Navigation/Global_Positioning_System/

GPS World magazine
http://mww.gpsworld.com/

GPS Strategic Directions

Global Positioning & Navigation News
GPS Directory
http://mww.phillips.com

Individual Web pages with GPS-links

http://www.inmet.com/~pwt/gps_gen.htm

http://www.ghgcorp.com/wagenx/gps.htm

Universities and Associations

University of Texas Overview of GPS Operations and Technology
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http://www.utexas.edu/depts/grg/gcraft/notes/gps/gps.html

University of New Brunswick - Survey and Geodetic Applications
http://degaulle.hil.unb.ca/Geodesy/ CANSPACE.html

Institute of Navigation
http://www.ion.org

U.S. Government Offices and Agencies

U.S. Department of Commerce
Office of Telecommunications
http://infoserv2.ita.doc.gov/ot/

U.S. Department of Commerce
Office of Air & Space Commercialization
http://cher.eda.doc.gov/oasc.html

GPS Joint Program Office
http://www.laafb.af.mil/SMC/CZ/homepage/index.html

U.S. Coast Guard Navigation Information Center
http://www.navcen.uscg.mil/

National Geodetic Survey
http://www.ngs.noaa.gov/FGCS.html

U.S. Naval Observatory - Timing Applications
http://tycho.usno.navy.mil/gpsinfo.html

U.S. Department of Transportation
http://www.dot.gov/

The Russian GLONASS System
http://mww.rssi.ru/SFCSIC/SFCSIC_main .html
http://mww.rssi.ru/SFCSIC/SFCSIC_main .html
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Appendix C - Survey Document

This document was used for all survey discussions and was furnished to all participants and was
used by the Japan GPS Council as the basis for their inquiry with fifty of their member companies .
*kkkkkkkkkkkkkkkkhhkkkkkhhkkkkhhhkkkhkhhkkkhhhhkkhkhhhkkkhkhhhkhkhhhkkkhkkhhkkkhkhhkkhkhhkkkhkhikkik

Survey of Commercial/Civil Global Positioning System (GPS) Applications, Augmentations

and Related Activities

Note: The U.S. Department of Commerce appreciates your taking the time to respond to this survey.
It is a part of the effort of the International Trade Administration’s Office of Telecommunications to
maintain and strengthen data on the state of the GPS industry. This survey will assist in assuring that
the government is tracking issues of relevance to the future competitiveness of this growing industry
sector.

A member of the study team will be contacting you soon to arrange for a teleconference or meeting.
If you wish to designate someone other than yourself as a contact person, please let one of the study
team members know. A copy of the final report will be provided to all participants and appropriate
arrangements can be made for the protection of any proprietary materials that arise in discussions.

Questions or comments may be directed to:

F. Michael Swiek

Executive Director

US GPS Industry Council
1100 Connecticut Avenue, NW
Suite 535

Washington, DC 20036
202-862-5478

James E. Wilson

Wilson Consulting Inc.
P.O. Box 2006

La Plata, MD 20646-2006
301-870-2278
wilsonje@clark.net

A. Applications of GPS

Typically, the GPS industry has been divided into the following groupings:
Car navigation
Consumer/Cellular
Tracking
OEM
Survey/mapping
GIS
Aviation
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Marine
Military

1. Do you believe that the above categorizations still adequately capture the broad divisions of the
GPS market?

2. In which of these markets do you currently provide GPS hardware, software or services?

3. Which aspects of the GPS signal are most valuable to your business applications ? Other than
providing a high accuracy, unencrypted signal, what signal enhancements would be most valu-
able to your business development ?

4. Please help us estimate the economic value of the GPS market by completing the following
table:

Note: You may find that this method of arriving at an estimate for total market value does not con-
form to your approach. To the extent possible, please give us your best estimates of market value and
advise us as to your methodology.

cell value for total market: (ave. no. units x ave. cost)

1997 1998 1999 2000 2002 2003 2004
Car navigation
Consumer/Cellular
OEM
Survey/mapping
GIS
Aviation
Marine
Military
Tracking
Other (specify)

Using the matrix below, or your alternative, please estimate the relative market contribution (per-
centage of market) of the following geographic areas:

Asia

Europe

Japan

U.S.

Other

Note: You may find that this method of arriving at an estimate for total market share does not con-
form to your approach. To the extent possible, please give us your best estimates of market share and
advise us as to your methodology.

cell value: (% participation by geo. area)
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1997 1998 1999 2000 2002 2003 2004
Car navigation
Consumer/Cellular
OEM
Survey/mapping
GIS
Aviation
Marine
Military
Tracking
Other (specify)

5. In the GPS market sectors in which you organization participates who are the most significant
competitors?

6. Where do you anticipate the greatest market growth opportunities may be may be?

B. GPS Augmentations

GPS augmentations are taken to mean uses of GPS signals in conjunction with other signals to
improve the accuracy and availability or other aspects of the signal for users, commonly referred to
as differential GPS or DGPS.

1. Which sectors of the global GPS market will benefit most from applications of DGPS?

2. Are there new DGPS opportunities which could materially alter the GPS market in the near (next
five years) or long term (beyond five years) future?

3. To what extent do possible government DGPS systems effect your market outlook?

4. Do you anticipate participating in providing any DGPS hardware or services? If so, what would
be the nature of that participation ?

C. Government/Industry Interaction

1. Are there specific government actions which would increase the value of your GPS related
business?

2. Are there specific government practices which now effect either positively or negatively your
competitiveness in the GPS market?

3. Government, in the GPS and other industry sectors, is a customer, R&D patron, regulator, opera-
tor and international advocate. How do you view these roles and there evolution in the GPS
sector over the next few years?

D. Related Activities - Research & Development
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Does your organization or an affiliate conduct research and development in any of the GPS
market segments or in potentially new GPS market segments?

Does your organization realize any benefit from government sponsored research and develop-
ment in your development of GPS hardware or software?

What areas of government research and development activity are potentially most beneficial to
the development of the GPS industry?

D. Technology

GPS applications appear to be emerging as part of information technologies which are essential to
the functioning of a modern world community.

1.
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To what extent has the nature of the GPS applications changed in the past five years? What
change do you anticipate, if any, in the nature of the industry in the next five years ?

Are there any technologies which could potentially alter the fundamental nature of the GPS
industry in the near term (next five years) or long term (beyond five years)? What are the poten-
tial impact of these technologies?

Do to you see the application of GPS as an information technology expanding to new areas in the
near (next five years) and longer (beyond five years) term? Will such applications be embedded
in broader information systems or stand alone?



Appendix D - Chronology of GPS Events

1920s
Origins of radio navigation

Early WW I

LORAN, the first navigation system to employ time difference-of-arrival of radio signals, is devel-
oped by the MIT Radiation Laboratory. LORAN was also the first true all-weather position-finding
system, but is only two-dimensional (latitude and longitude).

1959

TRANSIT, the first operational satellite-based navigation system, is developed by the Johns Hopkins
Applied Physics Laboratory (APL) under Dr. Richard Kirschner. Although Transit was originally
intended to support the U.S. Navy’s submarine fleet, the technologies developed for it proved useful
to the Global Positioning System (GPS). The first Transit satellite is launched in 1959.

1960

The first three-dimensional (longitude, latitude, altitude) time-difference-of-arrival navigation

system is suggested by Raytheon Corporation in response to an Air Force requirement for a guidance
system to be used with a proposed ICBM that would achieve mobility by traveling on a railroad
system. The navigation system presented is called MOSAIC (Mobile System for Accurate ICBM
Control). The idea is dropped when the Mobile Minuteman program is canceled in 1961.

1963

The Aerospace Corporation launches a study on using a space system as the basis for a navigation
system for vehicles moving rapidly in three dimensions; this led directly to the concept of GPS. The
concept involves measuring the times of arrival of radio signals transmitted from satellites whose
positions are precisely known. This gives the distances to the known satellite positions—which, in
turn, establishes the user’s position.

1963

The Air Force begins its support of the Aerospace study, designating it System 621B. By 1972, the
program has already demonstrated operation of a new type of satellite-ranging signal based on
pseudorandom noise (PRN).

1964

Timation, a Navy satellite system, is developed under Roger Easton at the Naval Research Lab
(NRL) for advancing the development of high-stability clocks, time-transfer capability, and 2-D
navigation. Timation’s work on space-qualified time standards provided an important foundation for
GPS. The first Timation satellite is launched in May 1967.

1968

DoD establishes a tri-service steering committee called NAVSEG (Navigation Satellite Executive
Committee) to coordinate the efforts of the various satellite navigation groups (Navy’s Transit and
Timation programs, the Army’s SECOR or Sequential Correlation of Range system). NAVSEG
contracted a number of studies to fine-tune the basic satellite navigation concept. The studies dealt
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with some of the major issues surrounding the concept, including the choice of carrier frequency (L-
Band versus C-Band), the design of the signal structure, and the selection of the satellite orbital
configuration (a 24 hour figure 8s constellation versus “Rotating Y” and “Rotating X” constellation).

1969-1972

NAVSEG manages concept debates between the various satellite navigation groups. The Navy APL
supported an expanded Transit while the Navy NRL pushed for an expanded Timation and the Air
Force pushed for an expanded synchronous constellation “System 621B.”

1971
L2 frequency is added to the 621B concept to accommodate corrections for ionospheric changes.

1971-1972

User equipment for the Air Force 621B is tested at White Sands Proving Ground in New Mexico.
Ground and balloon-carried transmitters simulating satellites were used, and accuracies of a hun-
dredth of a mile demonstrated.

April 1973

The Deputy Secretary of Defense determines that a joint tri-service program be established to con-
solidate the various proposed positioning/navigation concepts into a single comprehensive DoD
system known as the Defense Navigation Satellite System (DNSS). The Air Force is designated the
program manager. The new system is to be developed by a joint program office (JPO), with partici-
pation by all military services. Colonel Brad Parkinson is named program director of the JPO and is
put in charge of jointly developing the initial concept for a space-based navigation system.

August 1973

The first system presented to the Defense System Acquisition and Review Council (DSARC) is
denied approval. The system presented to DSARC was packaged as the Air Force’s 621B system
and therefore not representative of a joint program. Although there is support for the idea of a new
satellite-based navigation system, the JPO is urged to broaden the concept to include the views and
requirements of all the services.

December 17,1973

A new concept is presented to DSARC and approval to proceed with what is now known as the
NAVSTAR GPS is granted, marking the start of concept validation (Phase | of the GPS program).

The new concept was really a compromise system negotiated by Col. Parkinson that incorporated the
best of all available satellite navigation system concepts and technology. The approved system
configuration consists of 24 satellites placed in 12-hour inclined orbits.

June 1974
Rockwell International is chosen as the satellite contractor for GPS.

July 14,1974

The very first NAVSTAR satellite is launched. Designated as Navigation Technology Satellite
(NTS) number 1, it is basically a refurbished Timation satellite built by the NRL. The second (and
last) of the NTS series was launched in 1977. These satellites were used for concept validation
purposes and carried the first atomic clocks ever launched into space.
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1977
Testing of user equipment is carried out at Yuma, Arizona.

February 22,1978

The first Block | satellite is launched. Atotal of 11 Block | satellites were launched between 1978
and 1985 on the Atlas-Centaur. Built by Rockwell International as developmental prototypes, the
Block Is were used for system testing purposes. One satellite was lost as a result of a launch failure.

April 26,1980
The first GPS satellite to carry Integrated Operational Nuclear Detonation Detection System
(IONDS) sensors is launched.

1982

A decision to reduce the GPS satellite constellation from 24 to 18 satellites is approved by DoD
following a major program restructure brought on by a 1979 decision by the Office of the Secretary
of Defense to cut $500 million (approximately 30 percent) from the budget over the period FY81-
FY86.

July 14,1983
The first GPS satellite to carry the newer Nuclear Detonation Detection System (NDS) is launched.

September 16,1983

Following the Soviet downing of Korean Air flight 007, President Reagan offers to make GPS
available for use by civilian aircraft, free of charge, when the system becomes operational. This
marks the beginning of the spread of GPS technology from military to civilian aircraft.

April 1985

The first major user equipment contract is awarded by the JPO. The contract includes research and
development as well as production options for 1-, 2-, and 5-channel GPS airborne, shipboard, and
manpack (portable) receivers.

1987

DoD formally requests that the Department of Transportation (DoT) assume responsibility for
establishing and providing an office that will respond to civil user needs for GPS information, data,
and assistance. In February 1989, the Coast Guard assumes responsibility as the lead agency for the
Civil GPS Service.

1984

Surveying becomes the first commercial GPS market to take off. To compensate for the limited
number of satellites available to them early in the constellation’s development, surveyors turned to a
number of GPS accuracy enhancement techniques including differential GPS and carrier phase
tracking.

March 1988
The Secretary of the Air Force announces the expansion of the GPS constellation to 21 satellites plus
3 operational spares.
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February 14,1989

The first of 28 Block Il satellites is launched from Cape Canaveral AFS, Florida, on a Delta Il
booster. The Space Shuttle had been the planned launch vehicle for the Block Il satellites built by
Rockwell. Following the 1986 Challenger disaster, the JPO reconsidered and has since used the
Delta Il as the GPS launch vehicle. Selective availability (SA) and anti-spoofing (AS) become
possible for the first time with the Block Il design.

June 21,1989

Martin Marietta (after buying out the General Electric Astro Space division in 1992) is awarded a
contract to build 20 additional “replenishment” satellites (Block IIR). The first Block IIR satellite
will be ready for launch as needed at the end of 1996.

1990
Trimble Navigation, the world leader in commercial sales of GPS receivers, founded in 1978, com-
pletes its initial public stock offering.

March 25,1990
DoD, in accordance with the Federal Radionavigation Plan, activates SA—the purposeful degrada-
tion in GPS navigation accuracy—for the first time.

August 1990

SA is deactivated during the Persian Gulf War. Factors that contributed to the decision to turn SA off
include the limited three-dimensional coverage provided by the NAVSTAR constellation in orbit at
that time and the small number of Precision (P)-code receivers in the DoD inventory at the time.
DoD purchased thousands of civilian GPS receivers shortly thereafter to be used by the Allied forces
during the war.

1990-1991

GPS is used for the first time under combat conditions during the Persian Gulf War by Allied forces.
The use of GPS for Operation Desert Storm proves to be the first successful tactical use of a space-
based technology within an operational setting.

August 29,1991

The U.S. government revises export regulations, making a clear delineation between military and
civil GPS receivers. Under the revised regulations, military receivers continue to be treated as
“munitions” with strict export restrictions, while civilian receivers are designated “general destina-
tion items” available for export without restrictions.

July 1, 1991
SAis reactivated after the Persian Gulf War.

September 5, 1991

The United States offers to make GPS standard positioning service (SPS) available beginning in
1993 to the international community on a continuous, worldwide basis with no direct user charges
for a minimum of ten years. The offer was announced at the Tenth Air Navigation Conference of the
International Civil Aviation Organization (ICAO).
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September 1992

The United States extends the 1991 offer at the 29th ICAO Assembly by offering SPS to the world
for the foreseeable future and, subject to the availability of funds, to provide a minimum of six years
advance notice of termination of GPS operations or elimination of the SPS.

December 8,1993

The Secretary of Defense formally declares Initial Operational Capability of GPS, signifying that
with 24 satellites in orbit, GPS is no longer a developmental system and is capable of sustaining the
100-meter accuracy and continuous worldwide availability promised SPS users.

February 17,1994
FAA Administrator David Hinson announces GPS as the first navigation system approved for use as
a stand-alone navigation aid for all phases of flight through nonprecision approach.

April 11, 1994
Executive Order 12906 signed by President Clinton creating a National Spatial Data Infrastructure
and a National Geospatial Data Clearinghouse. GPS is an enabling technology for this effort.

June 2,1994
FAA Administrator David Hinson announces termination of the development of the Microwave
Landing Systems (MLS) for Category Il and Il landings.

November 1994

Orbital Sciences Corp., agrees to purchase Magellan Corp., a California-based manufacturer of
hand-held GPS receivers, in a stock swap worth as much as $60 million, bringing Orbital closer to
its goal of becoming a satellite-based two-way communications company.

June 8,1994

FAA Administrator David Hinson announces implementation of the Wide-Area Augmentation
System (WAAS) for the improvement of GPS integrity and availability for civil users in all phases of
flight. Projected cost of program is $400-500 million; it is scheduled to be implemented by 1997.

October 11,1994
The Department of Transportation Positioning/ Navigation Executive Committee is created to pro-
vide a cross-agency forum for making GPS policy.

October 14,1994

FAA Administrator David Hinson reiterates the United States’ offer to make GPS-SPS available for
the foreseeable future, on a continuous, worldwide basis and free of direct user fees in a letter to
ICAO.

March 16,1995
President Bill Clinton reaffirms the United States’ commitment to provide GPS signals to the inter-
national civilian community of users in a letter to ICAO.

January 30, 1996
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U.S. Coast Guard Maritime DGPS achieves Initial Operating Capability (IOC). Full Operational
Capability (FOC) expected by October 1998.

March 26, 1996
Presidential Decision Directive (PDD) on national GPS policy.

April 22, 1996
Multiyear Contract Awarded to Boeing North American for follow-on satellites after the Block IIR
series.

August 7-8, 1996
U.S. interagency team visits Tokyo to begin GPS Consultations.

November 25, 1996
Preliminary Discussions with the European Commission in Washington on GPS Consultations.

December 17-20, 1996
U.S. interagency team visits Moscow to begin GPS Consultations.

January 28, 1997
Air Force Space Command takes the lead for the U.S. Air Force to define requirements for the near,
mid, and far term modernization in the context of the 1996 PDD.

March 1997

Memorandum of Agreement signed between the Federal Railroad Administration, U.S. Coast Guard,
and Air Force signed to used decommissioned Air Force communication sites in tests of a Nation-
wide DGPS Network.

July 22, 1997
First successful launch of GPS Block IIR satellite.

July 23, 1997
DoD/DoT Memorandum of Agreement signed to identify a second coded civil signal frequency and
transition plan by March 1998.

October 23, 1997
Congress supports the PDD in passage of the National Defense Authorization Act for Fiscal Year
1998 (P.L. 105-85).

October 27, 1997
Congress establishes Nationwide Differential GPS Network in the Transportation Department
Appropriations bill for Fiscal Year 1998 (P.L. 105-66)

November 6-21, 1997

Protection of GPS spectrum from mobile satellite service interference debated at the World
Radiocommunications Conference (WRC) in Geneva, Switzerland.
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March 30, 1998
Vice President Gore announces that future Block [IF GPS satellites will have two additional civil
frequencies to provide better accuracy for aviation, maritime, and scientific users.
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Appendix E - Acronyms

AGPS
AVL
C/A Code
CAD
Cat
CDMA
CEP
CGSIC
CRPA
Cw

dB
dBwW
DGPS
DMA
DME
DoD
DoP
DOT
DRMS
EIRP
EMS
ERP
FAA
FRP
GDOP
GLONASS
GIS
GMT
GNSS
GPS
GPSIC
HDOP
HoW
ICAO
ILS
IMO
IMU
INMARSAT
INS
I0C

NAS
Nav-Msg
NDB
NSA
OEM
P-Code
PDOP
Pos/Nav
PPS

Augmented Global Positioning Systems
Automatic Vehicle Location

Coarse Acquisition Code
Computer-Aided Design

Category

Code Division Multiplex Access

Circular Error Probable

Civil GPS Service Interface Committee

Controlled Radiation Pattern Antenna
Carrier Wave

Decibel (X = 10 Logl0 X Db)

Decibel Watts

Differential Gps
Defense Mapping Agency

Distance Measuring Equipment
Department Of Defense

Dilution Of Precision

Department Of Transportation
Distance Root Mean Squared

Effective Isotropic Radiated Power
Emergency Medical Services

Effective Radiated Power

Federal Aviation Administration

Federal Radionavigation Plan
Geometric Dilution Of Precision
Global Navigation Satellite System (Russia)
Graphical Information System
Greenwich Mean Time

Global Navigation Satellite System (ICAQO)
Global Positioning System

GPS Information Center (U.S. Coast Guard)
Horizontal Dilution Of Precision

Hand over Word

International Civil Aviation Organization
Instrument Landing System
International Maritime Organization
Inertial Measurement Unit

International Maritime Satellite Organization
Inertial Navigation System

Initial Operating Capability

Institute Of Navigation

Intelligent Vehicle Highway Systems
Jamming-To-Signal Ratio

GPS Frequency, 1575.42 MHz

GPS Frequency, 1227.6 MHz

Local Area Differential GPS

GPS Master Control Station
Megahertz (1 Million Hz)

Microwave Landing System
Memorandum Of Agreement
Memorandum Of Understanding

Mean Sea Level

National Airspace System

Navigation Message

Nondirectional Beacon

National Security Agency

Original Equipment Manufacturer

Precision Code

Precision Dilution Of Precision

Positioning And Navigation

Precise Positioning Service



WADGPS
WGS-84

Pseudo Random Noise
Receiver Autonomous Integrity Monitoring
Radio Determination Satellite Service
Radio Frequency

Root Mean Squared

Real-Time Kinematic

Selective Availability

Spherical Error Probable

Standard Positioning Service
Single-Shot Probability Of Kill
Satellite Vehicle
Tactical Air Navigation

User Equipment

Ultra High Frequency

United States Code

United States Coast Guard

U.S. Naval Observatory

Universal Time

Universal Time Coordinated

Very High Frequency Omnidirectional Range

Wide-Area Augmentation System
Wide-Area Differential GPS
World Geodetic System 1984

95



